
















Figure 5-5  GM or SEA FCR Format

The GM and SEA PPI map video may be expanded, frozen, or have Doppler beam-sharpening
applied as aids for precisely positioning the radar cursor over the target, aimpoint, or waypoint.

Expanded Field of View.  The Expanded FOV (EXP) format allows the pilot to more precisely refine the
radar cursors over the desired point (Figure 5-6).  After positioning the cursors over the desired radar point,
expanded FOV is entered by depressing OSB 3 or hands-on with the pinky switch on the stick.

Figure 5-6  GM or SEA Expanded Field of View
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When Expand is entered the following occurs: 

• The cursors will be fixed in the center of the display format .

• A situation awareness cue (cross) will be displayed depicting the true range and azimuth of the
point about which the map was expanded.

• A quarter nautical mile “yard stick” depicting the size of 1/4 nautical mile on the currently
selected range scale will be displayed in the upper left portion of the display.  

The size of the expanded map format (patch size) varies with the selected range scale and is depict-
ed by four tic marks on the radar cursors (Table 5-2).

Table 5-2  Expanded Patch Sizes

After expand has been entered, cursor slewing will cause the map under the cursor to move.  The pilot
should keep cursor movement in Expand mode to a minimum to prevent possible break-up of the map video.
In SEA mode, the expand display improves the radar signal-to-noise ratio and may provide better perfor-
mance than unexpanded SEA mode in medium or higher sea states.  However, GMTI normally provides best
target acquisition performance in medium to high sea states.  

Enhanced Ground Map (EGM) / Real Beam Map (RBM). Normal GM and SEA radar operation is in
RBM, however, the PPI map image can be sharpened by a 4-to-1 ratio by activating the EGM feature (OSB
17).  EGM can be used in normal or expanded mode and is particularly useful in sharpening images near
land-water boundaries where discrete targets can be made to appear approximately one fourth as wide in
azimuth as in RBM.  Aircraft bank angles in excess of 30 degrees degrade EGM capabilities such that the
mode is no better than RBM.  No hands-on selection is provided for this mode.

GM and SEA Freeze (FZ) Mode. Map video can be frozen (Figure 5-7) to aid in cursor positioning or to
improve situation awareness when a silent (non-radiating) radar mode of operation has been selected.  Freeze
mode is available in all A-G radar modes, except SAM in GM and AGR, and can only be selected when the
FZ mnemonic is displayed at OSB 7.   Freeze can be exited using OSB 7 or by changing the FCR mode (A-
G or A-A) or field of view.  When in FZ mode, the present position indicator moves about the display for-
mat depicting aircraft position and heading relative to the video map.  A continuously updated magnetic
course and ground range from present position to cursor position is displayed in the lower left corner of the
MFD.  A continuously updated cursor latitude and longitude is displayed in the upper right corner of the
MFD.  Depressing and holding TMS-aft blanks the cursor lat/long for as long as it is held.  The sighting point
option cannot be changed while freeze mode is selected.  

RANGE (nm) PATCH SIZE (nm)

10 3.5 x 3.5

20 7 x 7

40 14 x 14

80 21 x 21
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Figure 5-7  GM and SEA Freeze Mode

Doppler Beam Sharpening (DBS). DBS is a sub-function of GM expand only.  It is used in situations
where the GM expand and EGM functions do not provide the desired image sharpening qualities.  DBS
employs a signal processing technique that uses unique Doppler characteristics from ground returns to sharp-
en an expanded radar video map.  The time it takes the radar to process the returns and produce a DBS video
map varies directly with the sharpening ratio.  The APG-66 (V)2 radar provides two DBS formats, DBS 1
and DBS 2.  DBS 1 is a coarse resolution mode with  sharpening ratios up to 24:1, and provides a sharpened
map in the shortest possible time. DBS 2 is a medium resolution mode providing sharpening ratios up to 64:1.
It takes 2 to 4 times longer to produce a DBS 2 video map than DBS 1.  Update (refresh) rates for both DBS
functions vary based on aircraft speed and cursor azimuth relative to aircraft ground track.  Typical refresh
rates with the cursors at 45 degrees off the nose and aircraft speed of 400 knots is 3 to 4 seconds.  Care should
taken when attempting to refine the cursors in DBS mode to ensure they are on the desired point immedi-
ately after the map has been updated.  

DBS is entered from the GM mode using the FOV OSB (OSB 3) or the Pinky switch.  The DBS 1
and DBS 2 display formats are identical to GM expand except that there are no expand range tics on the DBS
2 cursors (Figure 5-8).  The DBS 1 video patch sizes are identical to the GM expand function, however, DBS
2 sizes are 25% to 50% smaller than DBS 1.  The DBS function provides the best resolutions when sighting
points (cursor positions) are more than 15 degrees from the aircraft ground track.  The map azimuth resolu-
tion gradually degrades to that of the real-beam map for angles within 15 degrees of the aircraft track.
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Figure 5-8  Doppler Beam Sharpening 

Fixed Target Track (FTT) Mode

The Fixed Target Track (FTT) mode provides the capability to track fixed ground targets in almost
any clutter background or moving targets in low clutter backgrounds such as ocean or desert.  FTT is avail-
able in expanded or unexpanded GM, DBS1/2, or SEA modes and is entered by placing the cursors over the
target and designating.  After designating, a  diamond will appear at the target location (cursor intersection),
cursor slewing is disabled, the map background will become frozen, and a present position figure will move
about the map format to indicate ownship current position (Figure 5-9).  

When the FCR is actively tracking the designated target, the target symbol is a diamond.  A square
target symbol indicates that the FCR has momentarily lost the target signal and is in coast.  In coast, the FCR
attempts to maintain the cursor over the target location by “dead reckoning” its position using INS veloci-
ties.  If the target signal reappears within 10 seconds, track will automatically resume.  Otherwise the radar
will break track.  

Designating after FTT has been entered will change the display symbology to a standard B-scan for-
mat with no video map background.  Once removed, the video map cannot be restored without following nor-
mal FTT initiation procedures.  When a break track occurs, the radar will  return to the previously selected
A-G radar search mode and normal cursor operation will resume.  

Anytime the antenna gimbal limits are exceeded during FTT, the radar will automatically transition
to a “re-attack” mode.  During re-attack, the antenna slews to boresight, the transmitter is turned off, and the
targets position (square) and track data will continue to be displayed using extrapolated INS data.  When the
target reappears in the FCR field of view, the antenna will slew to the extrapolated target position and the
tracking gate will open slightly in an attempt to re-acquire target track.  The radar will automatically revert
to search if the target cannot be reacquired or if the target has been extrapolated for more than 60 seconds.

Rotary Sequence:
    NORM-EXP-DBS1-DBS2-NORM
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Figure 5-9  Fixed Target Track (FTT) Mode

Ground Moving Target Indicator Mode

The Ground Moving Target Indicator (GMTI) mode is primarily designed to detect ships against a
high sea state but it also has a limited capability to detect slow moving land targets in a low reflectivity back-
ground such as desert terrain. Detected targets are displayed as small synthetic video squares placed on top
of an expanded or unexpanded PPI video map format (Figure 5-10).  Since the radar  must accomplish mov-
ing target detection and produce a video map as well, the GMTI display is produced using multiple scans.
For example, in all expanded modes and +/- 10 degree scan unexpanded mode, the radar uses the first scan
to produce the background map and the next three scans to detect moving targets.  Only two scans are need-
ed for the remaining unexpanded modes.  The first scan is used to produce the background map and the sec-
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ond scan produces the moving target detections.  GMTI target and map video have separate gain indicators
and controls.  A gain gauge, consisting of a minimum and maximum range, a caret depicting map gain, and
a bar scale showing the Moving Target Indicator (MTI) threshold or gain level, is displayed in the upper left
corner of the display format.  Map gain is adjusted by depressing OSB 16 or 17.  As gain is increased the
caret moves up the scale.  MTI gain has two separate controls.  Coarse adjustments are accomplished by
using the GAIN rocker switch at the upper left corner of the display bezel and fine adjustments are accom-
plished using the hands-on radar gain control knob on the throttle.   Increases in MTI gain cause the bar scale
to move up, lower the target detection threshold, and permit smaller moving targets to be detected.  The MTI
controls adjust target detect thresholds only and not synthetic video brightness.  When GMT mode is entered,
the radar automatically sets the MTI coarse gain for maximum detection in a medium clutter background.
The synthetic video brightness is always set to the maximum display capability.  

GMTI uses a clutter notch to cancel unwanted ground returns.  A Hi or Lo notch setting is selected
from the radar CNTL page.  Hi settings allow detections between 16-75 knots and Lo settings between 8-55
knots.  The capability of GMTI to effectively acquire moving targets is a function of the selected radar notch,
ownship speed and angle off the target, target speed, and background clutter.  At 400 knots ownship speed
with the Lo notch selected, targets can be detected if they are moving between 8 knots at zero degrees and
18 knots at 60 degrees angle off, respectively.  

Figure 5-10  GMTI Mode

Beacon Mode

The Beacon (BCN) mode allows the pilot to detect ground-based and airborne beacons for fixtaking,
air-to-ground weapons delivery, and air refueling tanker  rendezvous.  The BCN display (Figure 5-11) looks
very much like the GM (PPI) format except that no video returns, other than the coded beacon signal, are
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displayed. BCN range scales and azimuth scans are the same as GM.  The BCN format can be expanded like
GM but DBS 1, DBS 2, and FTT functions are not available.  The snowplow function as well as TGT cur-
sors are available in BCN mode and function as in GM.  A beacon time Delay (DLY) must be entered into
the radar for it to trigger a beacon and receive its return.  

Figure 5-11  BCN Mode

Depressing OSB 9 (BCN DLY) on the FCR CNTL (Figure 5-12) page brings up the BCN DLY data entry
page.  Failure to enter the correct delay for the specific beacon being used will cause the beacon returns to
be displayed at an erroneous range.  The beacon is considered to be located at the center of the leading edge
of the nearest beacon return.  To ensure the most accurate depiction of the beacon position, gain and anten-
na tilt controls should be adjusted to achieve the smallest but most intense beacon return possible at the min-
imum gain setting.  Gain is adjusted using the BCN gain control and gain gauge located on the upper left
portion of the MFD.  

In normal BCN mode,  the antenna is pointed at the elevation of the currently selected steerpoint.  For
airborne or ground beacons, the antenna tilt can be manually adjusted by selecting snowplow mode and using
the elevation knob on the throttle.  Otherwise, the currently selected steerpoint elevation must approximate
the altitude of the ground or airborne beacon to ensure that the radar antenna is properly positioned in ele-
vation. 
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Figure 5-12  FCR Control Page

Air-to-Ground Ranging Mode

The A-G Ranging (AGR) mode provides accurate range to an undefined ground point for fixtaking,
altitude calibrations, and visual weapon delivery solutions.  Control and display of AGR mode (Figure 5-13)
are the same as the GM  mode except as noted below. The MMC automatically commands the FCR to AGR
when fixtaking, altitude calibration, or air-to-ground visual modes are selected.

Figure 5-13  Air-to-Ground Ranging (AGR) Mode
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Unlike GM mode, field-of-view options are not available, the gain gauge is not displayed, and antenna
azimuth and elevation markers are aircraft-referenced.  Only 5 or 10 nautical-mile range scales are available
in AGR.  The 5 nautical mile scale has been optimized for very low clutter areas such as open water, desert,
or marshy areas.  The 10 nautical mile scale should be used for other clutter areas.  An antenna pointing sym-
bol (a St. George’s cross) indicates antenna azimuth and elevation and is displayed in addition to the azimuth
and elevation tics on the AGR MFD format.  The AGR slant range symbol is displayed along the right edge
of the MFD.  If the radar is not locked-on to a target on the ground, the symbol is a square, which indicates
invalid slant range data.  If the radar is locked on and providing valid slant range data, the symbol is a dia-
mond.  The slant range to target is indicated by the position of the slant range symbol along the range scale. 

SAM in Ground Map Mode

SAM in Ground Map (SGM) is a composite radar mode that provides the pilot with interleaved sin-
gle target A-A tracking and ground mapping radar capabilities (Figure 5-14).  It can be used during low vis-
ibility in-trail flight operations to maintain position behind mildly maneuvering aircraft while keeping an
awareness of the terrain being overflown.  SGM is functional in all normal ground map scan widths and
ranges. 

Figure 5-14  SAM in Ground Map Mode

SGM can only be entered from NAV or Jettison (JETT) master mode, and the radar must be in SAM,
TTS, TWS STT, SMT STT, or ACM.  To enter SGM the pilot selects GM from the FCR Mode page while
in SAM, TTS, or a STT mode.  At activation, all search targets (secondary target in TTS) are removed from
the display and the interleaved track-ground map presentation begins using the currently selected range scale
and scan width.  The map image is centered in azimuth along the aircraft velocity vector and cannot be
moved or expanded by the pilot.  The map is periodically updated at 3, 5, and 10 second intervals for 10, 20,
and 40/80 nautical mile range scales, respectively.  Map updates are automatically initiated whenever own-
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ship heading changes by more than 10 degrees, or when changes to range scales, scan widths, elevation set-
tings, or map gains have been commanded.  The bugged target position is extrapolated during the map update
process and continues to be displayed.  After each map update, the radar will slew the antenna to the extrap-
olated target position and perform a complete air-to-air radar acquisition procedure to obtain track.  Track
will continue until another map update is initiated.  If the radar inadvertently breaks track or the pilot does a
TMS-aft (RTS), the radar will revert to normal GM mode.  The various SGM exit methods and the resulting
modes are described in Table 5-3. 

Table 5-3  Exiting SGM Mode

Standby and Override Modes

STBY mode is a non-radiating radar mode that is entered through several means.  The mode is auto-
matically entered if the multiplex (MUX) bus is not communicating with the radar, power is removed from
the radar, or when the power-on Built-In-Test (BIT) has been completed before another radar mode has been
selected.  In addition, the pilot may select STBY from any radar mode by depressing the OVRD button at
OSB 4.  When STBY is commanded, radar transmissions cease and the antenna slews to the stowed position
(60 degrees left and + 30 degrees elevation).  The elevation caret on the STBY MFD format reflects the
stowed position of the radar antenna.  When on the ground (weight on wheels) with the radar out of STBY,
the elevation caret  shows the antenna position commanded by the antenna tilt control knob on the throttle.
This allows the pilot to set the antenna elevation where he wants it prior to takeoff. 

SGM Entered 
From

SGM Exit Action Resulting Mode

SAM, TWS, or
RWS STT

• RTS
• TMS Right and Hold > 1 second
• CRM  selected from OSB 1
• ACM

• GM
• TWS
• SAM
• ACM STT

TWS STT or 
SMT STT

• RTS
• TMS Right and Hold > 1 second
• CRM  selected from OSB 1
• ACM

• GM
• SAM
• SAM
• ACM STT

TWS STT

SMT STT

• SMT• OSB 2

• TWS• OSB 2

• GM
• SAM
• ACM STT

• RTS
• CRM  selected from OSB 1
• ACM

ACM STT

16PR14341

168



SECTION 6  AIR-TO-GROUND WEAPONS DELIVERY

This section will discuss the following:

Topic Page

• Air-to-Ground Submodes  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .169
• Continuously Computed Impact Point . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .171
• Dive Toss  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .173
• Strafe  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .175
• Continuously Computed Release Point  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .175
• Low Altitude Drogue Delivery  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .178
• Unified Loft  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .180
• Electro-Optical  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .184
• Manual Weapon Delivery  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .191
• AIM-119 Penguin Missile . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .191

Air-to-Ground Submodes

The MLU aircraft can accurately employ a multitude of A-G weapons consisting of conventional
bombs, 2.75 inch rockets, flares, 20 mm gun, AGM-119 Penguin anti-shipping missile, and the AGM-65
Maverick A-G missile.  Delivery options include:

• Visual deliveries where the pilot uses HUD symbology to visually acquire and strike the target
(CCIP, DTOS, STRAFE, and E-O Visual).

• Preplanned deliveries where the pilot enters predetermined target coordinates and uses the FCR,
HUD, and WPN MFD formats to locate and strike the target (CCRP, E-O Preplanned, LADD,
and ULOFT).

• Manual deliveries where the pilot uses the standby depressible reticle on the HUD to manually
deliver conventional weapons.

A-G delivery submodes are selected on the SMS page.  First, the A-G mastermode must be selected
for the delivery submodes to be selectable on the SMS page.  Next, the A-G weapon must be loaded on the
airplane and be the selected weapon on the SMS page.  Only the delivery submodes applicable for the select-
ed weapon will be available on the SMS delivery submode menu.  For example, CCIP, CCRP, DTOS, LADD,
ULOFT, and Manual are only available on the A-G Delivery Submode Menu selection page when conven-
tional bombs or rockets are loaded and selected (Figure 6-1).  E-O PRE, VIS, and BORE are only available
at OSB 2 when AGM-65s are loaded and selected (Figure 6-2).  Strafe is selectable from any A-G SMS page
using OSB 1 (Figure 6-3).
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Figure 6-1  A-G Delivery Submode Menu Selection

Figure 6-2  E-O Submode Selection
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Figure 6-3  Strafe Delivery Submode Selection

During conventional weapons delivery, the Missile Step switch on the sidestick controller may be
used to rotary through CCIP, DTOS, Strafe and CCRP.  The Strafe option was added in Tape 2A.  During E-
O deliveries, the Z-axis of the cursor controller may be used to rotary through PRE, VIS, and BORE (Figure
6-4).

Figure 6-4  Hands-On A-G Submode Selection 

Continuously Computed Impact Point

CCIP submode is a visual delivery submode for conventional weapons. A CCIP pipper in the HUD
(Figure 6-5) very accurately indicates the point on the ground where the employed weapon would impact if
the weapon were released at that instant.  To attack the target, the pilot places the pipper on the target and
depresses WPN REL.  FCR AGR and HUD as SOI are automatically selected when CCIP is entered.  CCIP
is usable for both dive and level deliveries.
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Figure 6-5  CCIP HUD

In cases where the instantaneous impact point is below the HUD FOV, the pipper is displayed approx-
imately 14 degrees below the boresight cross (Figure 6-6).  When this condition exists, a time delay based
on the difference between the pipper position and the actual impact point is computed and a time delay cue
appears in the HUD.  With the pipper on the target, the pilot depresses and holds the WPN REL.  The bomb
fall line and the time delay cue are replaced with an Azimuth Steering Line (ASL) and a solution cue (Figure
6-7).  Release occurs automatically when the solution cue coincides with the FPM.

Figure 6-6  CCIP HUD with Time Delay Cue
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Figure 6-7  CCIP HUD with Solution Cue

Dive Toss

DTOS is a visual conventional weapons delivery submode that combines visual target acquisition
with automatic ballistics computation and weapon release.  FCR AGR and HUD as SOI are automatically
selected when DTOS is entered, and the HUD TD box is initialized at the FPM (Figure 6-8).  

To attack a target, the pilot flies the aircraft to position the HUD TD box on the target, presses and
holds WPN REL, and follows the steering cues to the release point.  The pilot may continue the dive until
the weapon releases (DIVE), or he may begin an immediate pull out and allow the weapon to release auto-
matically during the pull out (TOSS).  Weapon release, indicated by a flashing FPM and solution cue at the
center of FPM, will occur automatically when the ballistic solution is satisfied.

The DTOS target location is defined, or designated, when the WPN REL is depressed (Figure 6-9).
At that time the DTOS TD box becomes ground stabilized and tracks the target.  TMS-forward  may also be
used to designate the target.  Once the target has been designated, the pilot may refine its position using the
cursor controller.  However, WPN REL must be depressed when the ballistics solution is satisfied for a
weapon release to occur.  

To reject a DTOS target, the pilot presses TMS-aft, which causes the TD box to return to the FPM
for designation of a new target.
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Figure 6-8  Initial DTOS HUD

Figure 6-9  DTOS HUD with Designated Target
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Strafe

The Strafe gunnery submode provides a CCIP pipper in the HUD that represents bullet impact point
(Figure 6-10).  The FCR AGR function provides a in-range cue that appears when the impact point is with-
in 4000 ft. for M56 ammunition and 8000 ft. for PGU-28 ammunition.  The pilot maneuvers the aircraft to
place the strafe pipper on the target and fires using the trigger when the in-range cue appears.

Figure 6-10  Strafe HUD

Continuously Computed Release Point

The CCRP A-G weapon delivery submode is used to attack preplanned targets with known coordi-
nates, which may or may not be visually acquired by the pilot.  Using GM radar for sighting and basic bomb-
ing geometry solutions, the system provides aiming symbology to the currently selected steerpoint (TGT), as
well as HUD steering cues to the release point.  All 99 steerpoints are available for direct sighting, while
steerpoints 1 through 25 may have offset aimpoints associated with them.  Loft or level deliveries may be
performed.  The desired release angle is entered on the SMS CCRP CNTL page.  The default release angle
is 45 deg.  A horizontal bar pull-up cue in the HUD provides vertical steering to the entered release angle.

Basic Operation: Typically, the pilot navigates to the IP using the NAV mastermode.  After selecting the
target as the current steerpoint, he selects the A-G mastermode and the CCRP submode. The system then pro-
vides HUD aiming and steering symbology to the release point (Figure 6-11) and the GM radar cursor is posi-
tioned at the target position on the FCR format.  Azimuth steering and time to go are displayed on both the
HUD and the FCR format.  Bearing and range to the target and a TD box positioned at the computed target
position are displayed in the HUD.  At any time during the approach to the target, the pilot can refine the tar-
get position on the GM radar by slewing the GM cursor if the target is a radar show target.  If the target can
be visually acquired, the pilot may also refine its position by slewing the TD box in the HUD.
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Figure 6-11  CCRP HUD Before Pull-Up

The pilot flies the FPM to the azimuth steering line to fly directly to the release point.  As the release point
is approached, the pilot depresses and holds the WPN REL.  Ten seconds prior to pull-up, the pull-up antic-
ipation cue appears at the top of the HUD and the horizontal bar pull-up cue appears at the bottom of the
HUD, both of which move toward the FPM.  Pull-up is indicated when the pull-up anticipation cue and the
horizontal bar reach the FPM (Figure 6-12).  At this point the pilot increases pitch to keep the FPM on the
horizontal bar while continuing to maintain the azimuth steering centered and holding the WPN REL down.
The pull-up anticipation becomes a solution cue at the pull-up time, moves to the top of the HUD, and moves
toward the FPM as the release point is approached ( Figure 6-13).  When the solution cue is coincident with
the FPM indicating a bombing solution is reached, the weapon is released automatically as indicated by a
flashing FPM.  The FPM will flash until the pilot releases WPN REL.
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Figure 6-12  CCRP HUD at Pull Up

Figure 6-13  CCRP HUD After Pull-Up
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Offset Aimpoint Sighting Option. Offset aimpoint sighting may be used to update the system target posi-
tion by refining the FCR GM cursor on a radar significant aimpoint located at a known bearing, distance, and
elevation from the target.  The sensors are pointed at the aimpoint while the currently selected steerpoint
defines the target location.  CCRP symbology is identical to a direct delivery except that the FCR cursor is
positioned at the offset aimpoint and an offset aimpoint triangle is displayed in the HUD to indicate the posi-
tion of the offset aimpoint.  Delivery procedures are identical to direct delivery except that the pilot updates
target position by refining the aimpoint position with the GM cursor on the FCR format.

Visual Initial Point Sighting Option. VIP allows the pilot to define a target location based on bearing, dis-
tance, and elevation from a known steerpoint or IP that can be visually acquired.  The pilot then overflies the
IP and updates the SPI for a more accurate delivery.  The HUD azimuth steering line and TD box are dis-
played relative to the target steerpoint diamond and the HSI provides position and steering information to the
IP.  The pilot may slew the steerpoint diamond directly over the IP sighting point to refine its definition at
any time.  After the pilot overflies the IP and designates (TMS-forward), all steering is to the target.  CCRP
delivery procedures after system update are identical to direct sighting.

Visual Reference Point Sighting Option.VRP allows the pilot to define a visual reference point location
based on bearing, distance, and elevation from a known target location (steerpoint).  The pilot can then use
the reference point to initiate an attack.  Designation (TMS-forward ) when over the reference point will
improve weapon accuracy.  The steerpoint diamond is located on the reference point and all steering and
range indications are referenced to the target.  

Low Altitude Drogue Delivery

The LADD submode consists of the same computation, procedures, and displays as CCRP, plus cues
for a LADD maneuver, which is designed for delivery of air burst weapons.  The LADD maneuver consists
of a pull-up to a 45 deg climb for weapon release followed by an egress maneuver.  The pilot must enter the
pull-up range for the selected weapon/maneuver on the SMS LADD CNTL page.  LADD pull-up ranges
assume a run-in altitude of 200 ft. above the target at 550 KTAS.  

During ingress to the target until weapon release, the pilot centers the HUD azimuth steering line on
the FPM (Figure 6-14).  Ten seconds prior to pull-up, the HUD pull-up anticipation cue appears above the
FPM and the vertical steering bar appears below the FPM.  Both move toward the FPM as pull-up is
approached.  At pull-up, the anticipation cue resets as a solution cue at the top of the HUD and moves toward
the FPM indicating time to go to release (Figure 6-15).  The vertical steering cue passes through the FPM
and commands a 4 g pull-up at a 45 deg flight path angle (Figure 6-16).  When the solution cue reaches the
FPM with WPN REL depressed, weapon release will occur and the FPM will flash.
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Figure 6-14  Pre-Pull-Up LADD HUD

Figure 6-15  LADD HUD at Pull-Up
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Figure 6-16  LADD HUD Prior to Weapon Release

Unified Loft

ULFT is a weapons delivery submode that provides a loft capability for both low-drag and high-drag
weapons against preplanned targets.  It is an alternate delivery for CCRP/LOFT and LADD submodes.  The
pilot must enter two values, Planned Release Angle (PRA) and Minimum Release Altitude (MRA), on the
SMS ULFT CNTL page.  The MMC computes pull-up and release points based on a  3.8 g pull-up in 2 sec-
onds to reach the PRA.  Weapon release occurs automatically unless the release point altitude is below the
MRA AGL altitude.

ULFT provides cues similar to CCRP consisting of an azimuth steering line, a solution cue, a TD box,
a release angle scale, a vertical steering cue (horizontal bar), and time to go cues.  Additions and exceptions
in ULFT symbology compared to CCRP symbology are as follows:

• There is no pull-up anticipation cue.  The solution cue appears 10 seconds prior to pull-up and
stays at the top of the HUD until 10 seconds prior to release when it moves toward the FPM
indicating time to release.

• The vertical steering cue acts as a pull-up anticipation cue until pull-up when it provides verti-
cal steering to the PRA.  It disappears when the PRA is reached.

• A release angle scale is displayed next to the altitude scale when low-drag weapons are selected
(Figure 6-17).  A tic indicates the selected PRA and the range caret indicates the release flight
path angle for an immediate 3.8 g pull-up within 2 seconds.
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Figure 6-17  ULFT Release Angle Scale

• At pull-up, a vertical steering circle is displayed at the top of the HUD halfway between the
FPM and the PRA to provide an additional vertical steering cue to the PRA.  The circle remains
displayed until weapon release.

• When lofting high-drag weapons, the azimuth steering line provides crosswind corrected guid-
ance to minimize the steering corrections during pull-up.

A typical ULFT delivery is very similar to a CCRP/LOFT delivery.  During ingress to the target
through weapon release, the pilot maintains the azimuth steering line centered on the FPM.  Ten seconds
prior to pull-up, the solution cue appears at the top of the HUD and the vertical steering cue appears at the
bottom of the HUD (Figure 6-18).  As the pull-up point is approached the vertical steering cue moves toward
the FPM.  At pull-up the vertical steering bar is coincident with the FPM, the vertical circle appears at the
top of the HUD, and the time to go is reset to indicate time to release (Figure 6-19).  The pilot increases pitch
to keep the FPM even with the vertical steering bar.  As the PRA is approached, the vertical steering circle
moves toward the PRA location on the HUD.  When PRA is achieved, the vertical steering cue disappears,
the vertical steering circle will be centered on the FPM and provide vertical steering to release, and the range
caret on the release angle scale will indicate PRA.  Ten seconds prior to the release point, the solution cue
will move toward the FPM indicating time to go to release (Figure 6-20).  Weapon release will occur auto-
matically with WPN REL depressed when the solution cue is coincident with the FPM, and will be indicat-
ed by the disappearance of the vertical steering circle and a flashing FPM (Figure 6-21).  
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Figure 6-18  Pre-Pull-Up ULFT HUD

Figure 6-19  ULFT HUD at Pull-Up
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Figure 6-20  ULFT HUD Countdown to Release

Figure 6-21  ULFT HUD at Weapon Release
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Electro-Optical

E-O deliveries of the AGM-65 A/B/D/G may be made using Visual (VIS) target acquisition to strike
targets of opportunity, or by using INS and radar navigation to locate and strike preplanned targets with
known coordinates (PRE and BORE).  The E-O submodes support automatic activation of AGM-65 power
when nearing the target area, automatic video activation with the WPN format, automatic SOI movement to
WPN format upon target designation, and slewing of the AGM-65 LOS without affecting the SPI.

AGM-65 Control. Status and control of the AGM-65 missile is displayed and managed on the A-G SMS
page (Figure 6-22) and the A-G SMS CNTL page (Figure 6-23).  

Figure 6-22  AGM-65 SMS Page
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Figure 6-23  E-O SMS Control Page

If power is not available to the AGM-65, WPN OFF is displayed in the center of the MFD.  When
power is applied to the missile, NOT TIMED OUT is displayed in the upper middle of the SMS and WPN
pages until the missile timer has run out and the missile is operational.  NOT TIMED OUT will appear any-
time power is lost to the missiles even though the missile may be operational but the timer hasn’t run out.
AGM-65 power is selected ON and OFF with OSB 7 on the SMS page.

The power may be programmed to be applied to the selected missiles automatically after passing
NORTH, EAST, SOUTH, or WEST OF a selected steerpoint.  The auto power selection, the cardinal direc-
tion, and the steerpoint are selectable on the E-O SMS CNTL page.  When auto power is selected ON, an A
will be displayed on the E-O SMS page next to the PWR ON/OFF label.  The pilot may override the auto
power function with OSB 7 on the SMS page.

E-O submodes may be selected with OSB 2 on the SMS and the WPN pages, or hands-on using the
cursor enable switch Z-axis rotary (Figure 6-24).     

Figure 6-24  Hands-On E-O Submode Selection
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AGM-65 video, aiming symbology, and weapon status are displayed on the WPN page (Figure 6-25)
which the pilot uses to precisely slew the AGM-65 on a target, designate, refine tracking, and initiate the
launch.  Wide or narrow FOVs may be selected with OSB 3 on the WPN page or with the pinky switch on
the stick.  AGM-65 tracking polarities are selectable with OSB 7, or with TMS-left provided the WPN page
is the SOI.  Cross hairs at the center of the display indicate the AGM-65 LOS.  Cursor inputs move the seek-
er head within the AGM-65 field of regard and are recognized by movement of the weapon video beneath
the cursor.  A cross indicates the AGM-65D or G seeker head LOS relative to missile boresight.  OSB 1 will
indicate STBY prior to power up and OPER once power is applied.  

Figure 6-25  AGM-65 WPN Page

E-O Preplanned Submode.The PRE delivery submode is used to attack preplanned targets with the AGM-
65 A, B, D, or G (Figures 6-26 and 6-27).  The AGM-65 seeker is slaved to the FCR LOS initially in this
submode and the FCR is in GM.  The target is first located using INS coordinates.  The pilot then refines the
target position with the FCR GM cursor and commands the radar to track (TMS-forward).  The SOI then
automatically moves to the AGM-65 WPN page where the pilot visually identifies the target in the weapon
video, refines the AGM-65 LOS on the target, commands weapon track (TMS-forward), and launches the
weapon with WPN REL. 
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Figure 6-26  E-O PRE HUD

Figure 6-27  E-O PRE MFDs
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65 seeker on the target initially head-up, then AGM-65 video to refine target acquisition and launch the
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GM CNTLOVRD

10

SWAP FCR DTE DCLT

000:17

MAN NORM

A
6

MAP

F
Z

S
P

C
Z

T
G
T

B
A
R
O

RDY

NOT SOI

3 7

RDY

NOT SOI

000:29

2 AG65D

HOC

BSGT

SWAP DCLTSMS WPN

OPER CNTLPRE FOV

COM
2

COM
1 IFF LIST A-A A-G

55

2,000

1,5

2,5

07006 08

PRE

4.1
0.72

00 2.1
000: 17

F002.1

R 1,950
ARM

C
450

 40

50

1.0

AL 200

COM
1

COM
2

 I FF LIST A-A A-G

AZIMUTH STEERING LINE

SLANT 
RANGE (NM)

BEARING/RANGE 
TO TARGET

TIME TO 
TARGETT D BOX

5 5

16PR14341

187



FCR ranges through the TD box in AGR.  The TD box is initially caged at the FPM (Figure 6-28).  The pilot
maneuvers the aircraft to put the TD box on the target.  The TD box may be slewed with the cursor controller
if necessary.  The pilot then designates the target with TMS-forward, which ground stabilizes the TD box and
moves the SOI to the WPN page (Figures 6-29 and 6-30).  A small circle that represents the AGM-65 LOS
in the HUD appears when the AGM-65 is slewed or is tracking.  It may be slewed head-up onto the target
after initial TMS-forward, or the AGM-65 video may be slewed onto the target head-down.  When the AGM-
65 LOS is on the target, the pilot depresses TMS-forward  to command weapon track and  launches the
weapon with WPN REL.

Figure 6-28  E-O VIS Pre-Designate HUD
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Figure 6-29  E-O VIS Post Designate HUD

Figure 6-30  E-O VIS MFDs
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the weapon video onto the target, depresses TMS-forward to command weapon track, and depresses WPN
REL to launch the weapon (Figure 6-32).

Figure 6-31  E-O BORE HUD

Figure 6-32  E-O BORE MFDs
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Manual Weapon Delivery

Conventional weapons and rockets may be released manually using the manual mode when required.
The pilot first selects the Manual mode on the SMS page.  He then selects the primary or standby reticle on
the HUD Control Panel.  Reticle depression is set using the RET DEPR thumbwheel knob on the ICP and
displayed in the HUD.  The RET DEPR thumbwheel has two detents, one at gun boresight (0 mil) and the
other at missile boresight (52 mils).  The primary reticle consists of a 2-mil pipper with a 50-mil dashed cir-
cle inside of a 100-mil solid circle (Figure 6-33).  The secondary reticle has the same dimensions but con-
sists of dots to define the circles, a cross for the pipper, and four tic marks at the 3, 6, 9, and 12 o’clock posi-
tions.

Figure 6-33  Primary Manual Pipper

AGM-119 Penguin Missile

Missile Overview. The AGM-119 Penguin missile is an eject-launched anti-ship weapon. When launched,
the missile cruises at a pre-programmed cruise altitude towards a mid-course waypoint.  Upon reaching the
waypoint,  the Penguin turns to the target, activates its Infrared (IR) seeker head, begins searching for IR
sources, and, when the appropriate IR source is sensed, initiates a pop-up attack maneuver.  The missile
acquires and terminally guides on the target during the dive portion of the attack maneuver.  

The MLU aircraft provides single carriage capability of the AGM-119 at stations 3, 4, 6, and 7.
Conventional SMS stores loading and inventory procedures apply to AGM-119 carriage and employment.
The missile is loaded on a Launcher Armament Unit (LAU)-123 Penguin adapter rack which is attached to
the Miscellaneous Armament Unit (MAU)-12 weapons pylon. The Penguin store ID is AG119.

Prior to employment, each Penguin missile must complete a preparation phase consisting of a warm-
up cycle, an alignment sequence requiring an aircraft turn of at least 15 degrees, and other internal checks.
Throughout the preparation and employment phases, the missile continually reports its status and receives
the pre-launch programming data using the Penguin SMS and WPN pages. The more important Penguin
preparation, control, and monitoring features of the SMS and WPN formats are addressed below.

100 MR DIAMETER

50 MR DIAMETER
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SMS MFD Format. The SMS format, shown in Figure 6-34,  gives the pilot the capability to con-
trol, program, and monitor the AGM-119. Depressing the A-G master mode switch on the ICP brings
up the A-G SMS MFD format which features the following functions:

Weapon Type Selection.Depressing and releasing OSB 6 allows the pilot to select different A-G
weapon types that have been loaded into the SMS inventory.  The quantity remaining and currently
selected weapon type mnemonics are displayed adjacent to the OSB. For example, the 2AG119
mnemonic at OSB 6 tells the pilot that he has selected the Penguin SMS page and that there are two
Penguins loaded in SMS inventory.

Weapon Power. Depressing OSB 7 on the SMS page initially applies power to all loaded Penguin
stations, starts their respective warm-up and check-out sequences, and highlights the currently select-
ed missile station. Stations may be individually powered down by selecting the desired station, using
the missile step switch or the appropriate SMS OSB, and depressing OSB 7.  When power is removed
from a station, the station mnemonic reverts to a dash (-) symbol and becomes dehighlighted.  Once
an individual missile has been powered down, the procedure must be reversed to reapply power.
MMC power cycles will cause all loaded Penguin stations to be powered down, however, under this
condition, power may be reapplied to all loaded stations with a single depression of OSB 7.   
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Figure 6-34 Penguin Stores Management System (SMS) and Weapon (WPN) Pages
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Ripple Quantity. The MLU aircraft is capable of ripple launching up to four Penguin missiles how-
ever the stores management system allows only one station at a time to be selected for a Penguin
launch.  In order to establish a ripple release condition, the pilot must depress OSB 8 to select the
quantity of missiles to be released and ensure that a Penguin station has been selected (highlighted).
The normal ripple release sequence is stations 4—6—3—7 however, the release sequence will
always start and proceed in order from the currently selected weapon station.  For example, if station
7 has been selected and a ripple release is initiated, the ripple sequence will be 7—4—6—3. It takes
approximately 2 seconds from pickle to get the first Penguin launch. The time spacing between each
subsequent launch is approximately 0.75 seconds.  Once a ripple release is initiated, the pilot must
hold the pickle button down until all planned Penguins have been launched. 

Penguin Station Select Rotaries.Depressing OSB 10 and 16 rotaries between weapon stations 6 or
7 and 3 or 4, respectively.  The SMS station number and status mnemonics, which are adjacent to the
OSBs, are displayed in normal video except for the currently selected station which is highlighted.
When the SMS page is initially accessed (before power is applied to the stations) each loaded station
mnemonic will display a dash (-) symbol to indicate a “no power” condition.  The missile step switch
may be used for hands-on selection of loaded Penguins.  The step switch rotary sequence is the same
as the Penguin launch sequence (4—6—3—7).

Missile Status Codes. The missile status codes are reported on both the SMS and WPN formats.
However, there are minor differences in the statuses reported on each format.  The status code loca-
tions and definitions are shown on Figure 6-34. 

Delivery Mode Selection.The Penguin may be employed using one of three delivery options: Radar
(RDR), HUD Direct (HUDD), and HUD Turn (HUDT).  The delivery option may be selected or
changed by depressing OSB 2 on the Penguin SMS or WPN page or by depressing the Z-axis of the
cursor enable switch. ). The rotary sequence is RDR—HUDD—HUDT—RDR. The selected Penguin
delivery option and corresponding mnemonic is displayed at OSB 2 on the Penguin SMS or WPN
MFD page and in window 8 of the HUD (Figure 6-35).  When the HUDT option is selected,  OSB
20 on the SMS and WPN formats transitions from a blank condition to display a LEFT or RIGHT
mnemonic. The mnemonic depicts the direction the missile will turn when reaching the HUD turn
waypoint.  Depressing OSB 20 toggles between the turn directions.  Delivery mode selection is inde-
pendent of the SMS or WPN page.  If the delivery option is changed on one page it is automatically
changed on the other.

Waypoint Selection. Each Penguin delivery option includes provisions for determining the position
of the waypoint the missile will fly enroute to the target. There are two types of waypoints: Stored
Waypoint (SW) and Auto Waypoint (AW).  Stored waypoints consisting of latitude, longitude, and
elevation are normally preprogrammed (stored) into the aircraft as part of the DTC load and may only
be used for the Penguin radar and HUD turn delivery options.  Auto waypoints consist of one of two
distances along a line of sight from the target to the launching aircraft and may be used for all
Penguin delivery options.  AW distance values are stored in the missile launcher rail and the MMC.
The distance value used for an auto waypoint is dependent on the currently selected missile field of
view.  The larger distance value is used wide FOV and the smaller value is invoked when the missile
FOV is narrow or medium. OSB 19, on the SMS and WPN pages, is a two position switch that tog-
gles the selection and display of the waypoint option.  Waypoint selection is independent of the SMS
or WPN page and, when changed on one page, is automatically changed on the other.
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WPN Format. The  Penguin WPN page may be accessed from the SMS page by depressing the appropri-
ate OSB adjacent to the WPN mnemonic (OSB 12, 13, or 14)  or the pilot may toggle between the formats
by using the DMS switch.  The OSB’s on the WPN page control Penguin settings that may need to be
accessed or modified inflight.  The main features of the WPN page are discussed below. 

Vertical Trajectory. The Penguin missile has a programmable vertical trajectory of HOLD or
DIVE.  If launched over land, the missile will normally be programmed to maintain (HOLD) its
launch altitude until reaching the waypoint and, then, proceed to the preprogrammed cruise altitude
enroute to the target.  The missile has a Maximum Hold Altitude (MHA) above which it cannot effi-
ciently sustain optimum cruise flight. If the missile is launched below the MHA, it will cruise to the
waypoint at the launch altitude.  If launched above the MHA, the missile will descend to the MHA
and cruise to the waypoint.  The HOLD trajectory typically assures terrain clearance until the missile
is over water.  Missiles launched over water may be programmed to immediately descend (DIVE) to
the pilot selected cruise altitude as it proceeds to the waypoint.  Missile trajectory selection is at OSB
6 on the WPN page.

Cruise Altitude. The cruise altitude function at OSB 7 establishes the altitude profile that the mis-
sile will follow from the waypoint to the target or from launch to target if the DIVE trajectory has
been selected.  There are two cruise altitude settings: HIGH and LOW. Both settings represent very
low altitudes and are not available for publication in this document. 

Counter-countermeasures. The AGM-119 is capable of employing maneuvering and IR filtering
techniques as counter-countermeasures to Anti-Aircraft Artillery (AAA) and IR countermeasures
decoys. The counter-countermeasures techniques can be selected (ON) or deselected (OFF) using
OSB 8 on the WPN page.

Penguin Station Status.Adjacent to OSBs 8, 9, 16, and 17 are  Penguin station and status codes
consisting of three characters.  The numerals nearest each OSB depicts the loaded Penguin station
number and is highlighted if it is the currently selected station. Referring to Figure 6-34, station 3 is
the currently selected station and it is located at OSB 16.  OSB 17 provides station 4 status while sta-
tion 6 and 7 status are provided at OSBs 9 and 10 respectively.  An alphabetical character, depicting
current missile status, may be found in the center position of each code.  The space will be blank
when the missile is reporting a “good” status.  The third character (nearest the center of the WPN for-
mat) depicts the currently selected target count.  The Penguin missile has the capability to attack one
of five different targets. The missile’s seeker identifies the proper target to attack by counting the
number of IR sources (1 to 5) it has acquired and passed enroute from the waypoint to the target.
When the IR count matches the pre-designated “target count,” the missile assumes the IR source to
be the target and initiates the attack. Target count is normally programmed into the missile by the
DTC load.  However, the pilot may modify the count by alternately depressing and releasing the OSB
adjacent to the station to be changed.  The missile step switch must be used to select or change
Penguin stations on the WPN page. 

Fields of View. The missile seeker head has three fields of view (Wide, Medium, and Narrow). The
missile’s currently selected field of view is depicted on the Penguin WPN page and may be modified
using OSB 18. 

Waypoint Selection (OSB 19), Turn Direction (OSB 20), and Penguin Delivery Mode Selections
(OSB 2),are functions that are common with the SMS page. See the SMS format discussion above
for details. 
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General Penguin Weapons Employment Information. Penguins may be employed using the Penguin
Radar (P-RDR) mode, a preplanned, non-visual delivery option,  or one of  two visual delivery options called
HUD Direct (HUDD) and HUD Turn (HUDT). The Penguin radar (P-RDR) is the primary missile employ-
ment option. All Penguin weapons settings except Penguin power are retained in a last left state through sta-
tion selection/de-selection actions as well as transitions between master modes, delivery submodes and
options, or during MMC power cycles.  In addition, the pilot has the ability to transition from any Penguin
delivery option into Dogfight or Missile Override and return without changing Penguin targeting data—cur-
sor positions or designated lines of sight. 

Penguin Radar (P-RDR) Option. The P-RDR provides a blind attack capability using FCR radar
ground mapping features to identify the target. The F-16 Data Entry/Computer Interface Set
(DE/CIS) allows for storing of up to nine preplanned Penguin target and waypoint data sets in the
UFC.  The system dedicates steerpoints 81-89 as Penguin steerpoints (instead of DEST steerpoints)
whenever a quantity (zero or more) of AG119s have been entered into the SMS stores inventory.
Preplanned data is normally loaded into the aircraft from the DTC as part of the normal mission plan-
ning process.  However, data may be manually entered, reviewed, or modified using the Penguin
Target (PENG TGT) and Penguin (stored) Waypoint (PENG WPT) DED pages (Figure 6-35).  To ini-
tiate a P-RDR attack, the pilot acquires the target on the FCR, refines the target and waypoint cursor
positions as necessary, maneuvers to the desired launch conditions, and depresses the pickle button.  

Figure 6-35  Penguin DED Pages
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P-RDR Symbology.The Penguin target and waypoint locations are depicted on the FCR format and
the HUD as two types of slewable cursors (Figure 6-36): the target cursor and the waypoint cursor.
The target cursor on the FCR format is the FCR GM cursor and the waypoint cursor is a cross (+)
that is approximately one-quarter the width and height of the FCR display area.  For the HUD, the
A-G TD Box represents the target cursor and a 10mR circle represents the Penguin waypoint cursor.
The standard HUD target locator line will be displayed whenever the target cursor (TD box) location
is outside the HUD Total Field Of View (TFOV).  An “X” will be superimposed over the waypoint
circle whenever its location falls outside the HUD TFOV.  

Figure 6-36  Penguin FCR and HUD Target and Waypoint Cursors
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and caret proceed down the scale.  In addition, the HUD waypoint circle flashes continuously to alert
the pilot that he is within 100% of the missile TOF value.  The missile %TOF values are normally
provided to the MMC by each missile.  If the missile %TOF values are not valid, the MMC can com-
pute them using an equation stored in mission software and classified coefficients transferred from
the DTE.  This feature is transparent to the pilot.

Initial Delivery Option Entry. P-RDR mode is entered by selecting the RDR option on the SMS
or WPN page and selecting a Penguin preplanned steerpoint (81-89). On initial entry into the P-RDR
option:

• SOI defaults to the FCR page 
• FCR initializes to the mode loaded from the DTC. If a mode was not included in the 

DTC load,  the FCR defaults to GM mode.  The only FCR modes that can be used to pro
vide Penguin launch data and symbology are GM, GMTI, SEA, and BCN. 

• target cursor initializes to the steerpoint (Penguin target) coordinates 
• waypoint cursor initializes to the stored waypoint coordinates or to a set distance from 

target cursor if AW has been selected and cursor control is assigned to the FCR target
cursor

Depressing TMS Right or  OSB 10 on the FCR page alternates cursor control between the tar-
get cursor and the waypoint cursor.  The mnemonic (TGT or WPT) adjacent to OSB 10 reflects the
active cursor (cursor currently being driven by the cursor controller). When the target cursor (TGT)
is active, a TMS Up action will place the FCR in fixed target track and cursor control can no longer
be transferred.  When WPT is selected, the expand tics are removed from the target cursor indicating
that it is no longer the active cursor.  TMS forward does not command any action when WPT is the
active cursor.  Target and waypoint cursors may be visually refined using the cursor controller or by
maneuvering the aircraft when the HUD is the SOI.  The HUD can be made the SOI by depressing
DMS forward.

Target and Waypoint Separation. A minimum target and waypoint separation (distance) is
required to provide adequate room for the Penguin missile to intercept  the waypoint, and maneuver
to attain the proper course and altitude to the target.  In order to assure proper target to waypoint sep-
aration,  cursor slewing is limited as described below. The characteristics of the cursor slew limita-
tions are most notable on the FCR page. 

• Target Cursor Slewing.  The target cursor may be moved towards the waypoint as a result of
pilot slewing actions, pre-designate FCR snowplow cursor slewing, or  Penguin spotter
Velocity/Track (V/T) calculations.  When the target cursor approaches to minimum distance
of the waypoint cursor, the waypoint cursor moves radially from its original position to main-
tain the required minimum separation.  The LOS between the target cursor and the current
position of the waypoint cursor will always intersect the original waypoint which has been
retained in memory. As target cursor movement increases separation beyond the minimum
distance, the waypoint cursor will return to and maintain its original position. 

• Waypoint Cursor Slewing.  When the waypoint cursor approaches to minimum distance of
the target cursor,  it moves in a minimum distance arc around the target cursor.  The waypoint
cursor continues following the arc until the slew direction begins to move it away from the
target cursor.  If the stored waypoint’s original latitude and longitude on the PENG WPT page
is less than the minimum distance from the target cursor, the waypoint cursor will initialize
along a LOS from the target through the waypoint’s original position to the minimum distance
from the target. 
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Penguin HUD Direct and HUD Turn Radar Weapons Delivery Options. The two visual weapon
delivery options are HUD Direct (HUDD) and HUD Turn (HUDT).  Both options require the pilot to
visually acquire and designate the target in the HUD, refine target location (TD box),  and release the
weapon.  In HUD Direct mode, the missile flies a direct flight path from the launching aircraft
through an automatically computed waypoint where the seeker is activated, then, direct to the target.
In HUD Turn mode, the missile flies to either a SW or an AW and initiates a preprogrammed Right
or Left turn through the waypoint to the target.  The seeker is activated passing the waypoint as in the
other Penguin delivery options.  

HUDD Symbology. P-HUDD mode is a short range, secondary Penguin employment option that
uses Dive Toss (DTOS) like symbology (Figure 6-37) for executing the weapon delivery.  

Upon entering the P-HUDD mode, the SOI moves to the HUD and the TD box centers on the
Flight Path Marker (FPM).  The TD box is either slewed or flown over the visually acquired target.
Once the TD box is over the target the pilot may designate the target (TMS-forward) or depress the
pickle button to launch the missile.  In either case, the TD box becomes ground stabilized over the
target, an imaginary Designated Line of Sight (DLOS) is computed from the aircraft position through
the TD box into the ground, and an AW is computed between the TD box and aircraft position along
the DLOS.  If the pickle button was depressed to designate the target, the missile launches and tracks
along the DLOS, through the AW, to the target.  If TMS-forward was used to designate the target, the
system awaits for the pilot to initiate a launch by depressing the pickle button or perform a triangu-
lation. 
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Figure 6-37  HUDD Symbology
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HUDT Symbology. P-HUDT mode is also a visual Penguin employment option that has many sim-
ilarities with HUDD mode.  For example, HUDD and HUDT modes:

• use identical DTOS-like HUD symbology. 
• require identical target acquisition, TD box slewing and target designation procedures to com-

pute imaginary DLOS’s.
• may use the pickle button to designate the target and launch the missile if the pilot desires. 
• use Automatic Waypoint (AW) positioning in an identical manner.

The primary differences between HUDD and HUDT modes are that  HUDT mode: 
• requires the pilot to specify the direction the missile is to turn (RIGHT or LEFT) when reach-

ing the waypoint in order to proceed to the target.
• does not have a triangulation capability like HUDD.
• is able to use Stored Waypoint (SW) positioning unlike HUDD mode.  The SW capability and

the programmable direction of turn are the features that differentiate the HUDT mode most
from the HUDD mode.

In HUDT mode with SW selected, the first target designation establishes the initial DLOS and caus-
es the MMC to establish a 2000 meter corridor (1000 meter on either side) along the DLOS (Figure
6-38).   The initial waypoint position is projected on a 90 degree angle from the SW coordinates onto
the DLOS.  If the aircraft is maneuvered outside the 2000 meter corridor and then turns back toward
the DLOS but does not re-enter the corridor,  the waypoint will automatically be re-positioned at the
intersection of the DLOS and the aircraft boresight at sea level.  Subsequently, in order to refine the
waypoint, the nose of the aircraft must be pointed towards the desired waypoint position.  The mis-
sile may be launched,  once the aircraft is within range and the waypoint is positioned where desired. 
NOTE: HUD and heads-down navigation displays will be referenced to the currently selected navi-
gation steerpoint regardless of the currently selected PENG steerpoint.  As a result, navigation steer-
ing information may appear to be in conflict with Penguin weapon delivery cueing.

Figure 6-38  HUDT Profiles
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TGT DED page (steerpoint number 81-89) must be called up and the asterisks must be placed about the
STPT mnemonic in order for the system to accept the spot data. To perform a spot, the mechanization
requires the pilot to acquire the target using the HUD or ground map radar,  refine the target cursor’s posi-
tion to establish current target location and depress any key 1 through 9 on the ICP.  Depressing any key 1
through 9 momentarily highlights the SPT mnemonic on the currently displayed PENG DED page and
updates the latitude, longitude, and elevation of the PENG TGT and WPT associated with the currently
selected PENG Steerpoint page.  The time the spot was taken is automatically placed on the PENG V/T DED
page adjacent to the TOSP (time of spot) mnemonic. The TOSP and spot data are also placed in memory for
future use in the target velocity and track computations discussed below.  Subsequent spots taken with the
PENG TGT DED page called-up will update the appropriate TGT and WPT position data and reinitialize the
first TOSP. 

Spots can be performed visually using the HUD or in the blind using the radar.  In P-RDR mode with
SW selected,  the target and waypoint coordinates acquired during a spot are the coordinates where the LOS
through the currently selected SOI’s (HUD or radar) target and waypoint cursors intercept the currently
selected PENG steerpoint waypoint elevations, respectively.  With AW selected, the target and waypoint
coordinates acquired during the spot are the coordinates where the LOS through the SOI’s (HUD or radar)
target and waypoint cursors intercept the currently selected PENG steerpoint elevation. In HUDD or HUDT
delivery options with either AW or SW selected, the target and waypoint cursor coordinates that are acquired
during a spot are the coordinates from where the lines of sight through the HUD target and waypoint cursors
intercept zero elevation. 

Velocity/Track Computations. The Penguin steerpoints include  target velocity, track, and time of spot  data
sets to support the Penguin Velocity/Track (PENG V/T) function.  The Penguin V/T capability is a spotter
sub-function that requires the pilot to establish two separate target locations (spots) separated by a time inter-
val.  The first spot must be accomplished with the PENG TGT DED page called up as discussed above.  The
second spot must be accomplished using the same procedures as above but with the PENG V/T DED page
called up.  After a second spot is performed the system automatically computes and displays the computed
target velocity and track on the PENG V/T DED page and updates PENG TGT and WPT position and ele-
vation.  After the second spot, further updates of target, waypoint, and velocity/track information may be
obtained by performing spots with either the PENG TGT or V/T DED page called up.

Penguin V/T Data From The IDM. Steerpoints 71-79 are allocated for storing Penguin V/T datalink data
when at least a zero quantity of Penguin missiles has been loaded in the SMS inventory.  Spotter data from
the IDM is automatically entered (when received) into the allocated steerpoints.  After acquiring the target,
the spotter pilot depresses the comm switch inboard to transmit the data to the shooter aircraft.  A VMU
“Data” message will be heard in the shooter aircraft after receiving the spotter’s transmission. The data mes-
sage will appear in the HUD with a steerpoint number identifying where the spotter information has been
placed.  
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SECTION 7  DEFENSIVE AVIONICS

This section introduces the changes made to the F-16A/B defensive avionics suite as a result of the
MLU program. It provides an overview of the MLU following countermeasures capabilities:

Topic Page

• Electronic Warfare Management System . . . . . . . . . . . . . . . . . . . . . . . . . .203
• RF Switch  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .210
• Countermeasures Management Switch  . . . . . . . . . . . . . . . . . . . . . . . . . . .211
• ECM ENBL Light  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .212
• Voice Message Unit  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .212
• Threat Area Avoidance Mechanization  . . . . . . . . . . . . . . . . . . . . . . . . . . .213

Electronic Warfare Management System

The EWMS is the integrated management and control system for the Electronic Warfare (EW) or
Electronic Countermeasures (ECM) subsystems aboard the MLU aircraft.  The system interfaces and inte-
grates the following F-16A/B systems and controls: 

• ALR-69 Radar Warning Receiver (RWR) for all but Belgium aircraft.  
• CARAPACE RWR-initiated dispensing for Belgium aircraft only.
• ALQ-131, ALQ-162, ALQ-176, and ALQ-184 Jammer (JMR) Pods. 
• Advanced Countermeasures Dispenser System (ACMDS).  The EWMS interfaces the ACMDS

for expendables dispensing on the MLU aircraft.  The ACMDS is comprised of  the ALE-40
Countermeasures Dispenser System (CMDS) wiring harness installation, modified ALE-40 dis-
penser assemblies, a new digital dispense sequencer switch, and an updated Electromagnetic
Interference (EMI) filter.  The EWMS-ACMDS integration, referred to as the Dispenser (DISP)
system, provides multiple dispense modes for up to four different expendable categories;
Chaff, Flare, Other 1 (Special), and Other 2 (Special).  The system is able to control up to 8 dif-
ferent payload types within each expendable category.  The DISP is compatible with the base-
line dispenser station mounted on the aft fuselage and the Pylon Integrated Dispenser Station
(PIDS) which may be loaded at stations 3 and 7. 

• RF Switch Functionality
• Countermeasures Management Switch (CMS)
• Bump (Slap) Switch
• Voice Management Unit (VMU)

The EWMS integration reduces F-16A/B pilot workload by simplifying subsystems management tasks and
providing expanded hands-on control of the EW subsystems.  In addition, the EWMS integration enhances
aircraft survivability by providing the capability of simultaneously countering multiple RF, infra-red, and
electro-optical threats using threat-adaptive jamming and tailored expendables dispensing techniques.  The
EWMS encompasses two cockpit display and control units and one in-cockpit maintenance access panel.  In
addition, the EWMS responds to inputs from the Countermeasures Management Switch (CMS) and the
Bump switch. These items are discussed below and illustrated in Figure 7-1.

• Electronic Warfare Management Unit (EWMU).  The EWMU is located on the forward left

16PR14341

203



console of the front cockpit only and provides the pilot control of individual ECM subsystems.
The EWMU includes an EW computer and a DTC-loadable Mission Data File (MDF) which
make it possible for the pilot to use selectable menu-driven functions and options to program
the EW suite to operate according to predetermined requirements. 

• Electronic Warfare Prime Indicator (EWPI).  The EWPI panel is located above the left CMFD
in both front and rear cockpits.  The EWPI is not provided in the Belgium aircraft because of
CARAPACE system requirements.  The EWPI provides the primary integrated controls and dis-
plays for the Jammer pods (JMR) and ALR-69 RWR system. In addition,  the EWPI provides
for operational status and expendable quantities indications for the DISP system.

• Electronic Warfare Aerospace Ground Equipment Panel (EWAP).  Provides maintenance access
to the ALR-69 digital data port.

• Countermeasures Management Switch (CMS).  The CMS is a four position switch that provides
the pilot hands-on control of jammer and dispenser operation.  With the exception of the for-
ward position, all CMS switch positions control jammer and dispenser activities.  Switch acti-
vation’s are passed from the CMS to the MMC then to the EWMS which initiates the com-
manded action. The forward position of the CMS passes directly to the EWMS and commands
initiation of selected manual dispense programs. 

• Bump (Slap) Switch.  The bump (or slap) switch passes directly to the EWMS and commands
initiation of a preprogrammed dispensing program.

NOTE:  The Belgium aircraft incorporate the CARAPACE Threat Warning System instead of the
ALR-69 RWR installed in the Netherlands, Norwegian, and Danish aircraft.  The CARAPACE sys-
tem has dedicated control panels in both front and rear cockpits and, as a result, the EWPI and
EWAP are not installed on the Belgium aircraft.  With the exception of chaff/flare dispensing, the
CARAPACE system is not integrated with the EWMS. The CARAPACE system provides dispens-
ing signals/commands to the EWMS which allows for initiation of semiautomatic and/or automatic
chaff/flare dispensing capability.  Manual chaff/flare dispensing is a common capability on all
MLU aircraft. Details of the CARAPACE system can be found in F-16AM-34-1-1 and F-16AM-
34-1-1-1 (classified).
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Figure 7-1  EWMS Components

EWMU Controls and Functions. The EWMU has one 5-position rotary knob, a brightness control rheo-
stat, 6 press-to-activate buttons, 5 toggle switches, and a two line, 16 character alphanumeric display that pro-
vide required EWMS control functions.  The EWMU switches are discussed below and shown in Figure 7-
2.

Mission Data File (MDF). MDF is an EWMS-unique software file used to preprogram EW suite hardware
configurations and option settings.  The MDF consists of nine sections and is constructed as part of the pilots
normal mission planning process using the AFMSS or Personal Computer (PC) mission planning system.
The mission planning data is placed on the DTC, taken to the aircraft,  and loaded into the EWMS subsys-
tems hardware.  Typically, the pilot accesses and reviews the preprogrammed data as part of his aircraft in-
cockpit preflight procedure to ensure that the proper selections have been established.
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Alphanumeric Display. An alphanumeric display at the top of the EWMU panel provides readouts for sub-
system configuration menus, payload inventories, pilot warnings, etc.  The intensity of the display readouts
are controlled by the rotary Brightness (BRT) knob adjacent to the Jettison (JTSN) switch. 

Rotaries and Menus.The EWMU provides display-guided selectable rotary and menu options to allow the
pilot to review and modify configurations, as required,  and operate the EW subsystems.  Rotaries are spe-
cial types of menus having more than two functions that are portrayed one at a time on the EWMU display.
Each rotary function can be viewed as a dedicated page of the display. The pilot “pages/rotaries” through the
functions by depressing the Next (NXT) button located adjacent to the right side of the display area.  A menu
is a group options simultaneously displayed in the lower portion of the display directly above the SET but-
tons.  Menus are typically displayed on each rotary page/function.  

When the EWMU is initially powered-up, the display area defaults to the MAIN system rotary.  The
MAIN rotary has five selectable menus: STICK SWITCH SETUP, BUMP SWITCH SETUP, SYSTEM
TEST, CONFIGURATION, and ERROR CATALOG.  The two “setup” menus allow the pilot to predefine
the dispenser payload categories and programs that will be initiated from the CMS and Bump switches.
Payload categories (Chaff, Flare, Other-1, Other-2) are selected using the SET buttons and dispensing pro-
grams are selected using the NXT button. The MDF may contain up to 16 different expendable dispensing
routines (programs) that can be loaded into the EWMS.
The SYSTEM TEST rotary provides the capability to test the EWMS hardware and interfacing EW subsys-
tems.  The CONFIGURATION and ERROR CATALOG rotaries are maintenance functions that provide
MDF version ID and previous mission system error listings, respectively.   If one of the MAIN system menus
is currently selected, depressing the RTN button will return the display to the beginning of the MAIN rotary
which is the STICK SWITCH SETUP page.  

EW subsystem menus are selected by using the appropriate SYSTEM switch (JMR, RWR, or DISP).
When the subsystem MENU position is selected, it displays the first menu of subsystem options or functions
on the lower portion of the alphanumeric display directly above the SET button(s).  The options will auto-
matically be selected two seconds after they are displayed. The displayed option may be changed/de-select-
ed  by depressing the SET button.  The NXT button to rotary to the next menu for subsystems having more
than one page of menus.  If one of the EW subsystem menus is currently selected, depressing the RTN but-
ton will return the display to the option that was last selected in the subsystem menu.   
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Figure 7-2  EWMU Switch Functions.

Mode Selection.The mode selector located in the lower right portion of the EWMU control panel is a five
position rotary switch with OFF-STBY-MAN-SEMI-and AUTO positions.  The switch must be out of the
OFF position in order for the rest of the EWMU panel to be functional. The STBY position applies power to
the EWMS and allows individual systems to be powered up, BIT checked, and programmed.  The remain-
ing mode positions apply to the dispenser system. The MAN position provides the capability of dispensing
one of four selectable manual programs (1, 2, 3, or 4) using the forward position of the countermeasures man-
agement switch on the side stick controller. A manual program number 6 is assigned to the inboard position
of the countermeasures management switch. The programs to be applied to the countermeasures management
switch is selected from the STICK SWITCH SETUP menu located in the MAIN system rotary. The SEMI
and AUTO modes are currently integrated to function identically to the MAN mode.  Selecting MAN, SEMI,
or AUTO mode brings the EWMS into a fully operational state where the DISP and JMR are armed and ready
to be activated.  Actual dispensing of loaded expendables and transmissions from jammer pods are inhibited
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in any EWMU mode when the aircraft is on the ground (weight-on-wheels switch closed).  The Jettison
(JTSN) switch is functional in all modes inflight or when the weight-on-wheels switch is open. The Bump
switch (sometimes referred to as Slap switch) is a momentarily operated dispense switch located outboard of
the throttle.  It has been assigned manual program number 5 which is selected from the BUMP SWITCH
SETUP menu on the MAIN system rotary. 
NOTE.  During post flight systems shutdown, the message check error (CHCK ERR) CATALOG may appear
on the alphanumeric display when the mode switch is rotated from MAN to STBY. The message is intend-
ed to caution the pilot to tell maintenance that an error condition requiring troubleshooting occurred during
the mission. 

Systems Switches.The SYSTEM portion of the EWMU panel provides individual control of power and
option/function menus for each of four EW/ECM subsystems: MWS = missile warning system (growth);
JMR = jammer pod;  RWR = radar warning receiver or CARAPACE for Belgian aircraft;  and, DISP =
advanced countermeasures dispenser.  The ON-OFF positions of each subsystem switch are pull-to-unlock
configured to prevent inadvertent systems activation/deactivation. The full forward (MENU) position of each
switch is a momentary action position that returns to the ON position when the switch is released.  

SET Buttons.The buttons are used, similarly to the CMFD OSBs, to select or SET system options portrayed
on the lower part of the display directly above each respective button. 

NXT Button. The Next (NXT) button has two active positions for scrolling up or down through the various
rotary options. Depressing the top portion of the button scrolls up and the bottom portion of the button scrolls
the display down.

RTN Button. The Return (RTN) button returns the display to the main system rotary.

EWPI Controls and Functions. The EWPI includes three indicators, four control buttons, and two 8-char-
acter alphanumeric display windows that provide specific functions for the dispenser, jammer, and radar
warning receiver subsystems.  In addition, a rheostat is located at the top of the EWPI provides brightness
control for the display windows and indicators. The EWPI switches are discussed below and shown in Figure
7-3.
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Figure 7-3  EWPI Switches

Chaff/Flare Payload Window. The “CHAFF FLARE” window located in the approximate center of the
EWPI panel provides the pilot with the current inventory of chaff and flare quantities.  During actual dis-
pensing, a flashing diamond replaces the applicable (chaff or flare) payload remaining numbers to alert the
pilot that dispensing is in progress. 

JMR (Jammer) Window. The JMR window, which is directly below the chaff/flare payload window, is par-
titioned into two 4-character segments.  The left segment depicts the currently selected jammer mode (OFF,
SBY, ON etc) and the right segment portrays current jammer operational status. The Mode (MD) button,
adjacent to the right side of the window, provides the capability to select available jammer modes.   

RWR Buttons and Indicators. The bottom portion of the EWPI is devoted to the RWR subsystem and
includes three push buttons, two green indicator lights, and one red indicator light.  The PRI (priority) push
button on the left side of the panel serves as a display priority function. The button controls the number of
threat radars that will be displayed on the threat warning system azimuth indicator or RWR scope located
above the EWPI panel.  When the PRI mode has been selected the green indicator light directly above the
PRI button will illuminate in a steady state (indicating that the priority mode has been selected) and up to
five of the highest priority threats will be placed on the RWR scope.  While in priority mode, if the RWR
senses more than five highest priority threats, the green light will flash to alert the pilot that some of the high-
est priority threats the RWR is sensing are not being displayed on the RWR scope.  When in “open” mode
(green PRI light extinguished) up to 16 threats may be displayed on the azimuth indicator.  
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The SEP (separate) button is used to separate for readability symbols co-located in the same area of the RWR
scope.  This feature is only functional while the SEP is held depressed and has no dedicated indicator light.
Radar emitters whose pulse trains are identifiable as a terminal threat radar can be displayed on the RWR
scope even if they do not match the parameters of known threat radars stored in the RWR system.  This is
accomplished by depressing the UNK (unknown) push button.  The green indicator light directly above the
button will illuminate in a steady state when the UNK feature is activated.  The UNK indicator light will also
flash when the UNK feature has been de-selected and an unknown emitter has been sensed by the RWR.   A
red ML (missile launch) indicator light is located at the two o’clock position of the UNK push button.  This
light flashes at a three hertz rate to warn of a missile launch condition.  The light works in conjunction with
a corresponding flashing symbol on the RWR scope and an aural missile launch tone from the RWR system. 

EWAP.  The EWAP is a maintenance panel located outboard of the Helmet Mounted Display (HMD)/RF
Panel in the front cockpit only.  Behind the EWAP panel door is a port for loading ALR-69 OFP’s.  The door
is opened by rotating the “turn-to-unlock” screw on the door.

RF Switch

The RF switch, often called the “run silent” switch, is located at the inboard portion of the HMD/RF
Control Panel immediately below the EWMU.  The switch was added to the MLU aircraft to provide the pilot
with a single point aircraft emissions control capability. In NORM, RF emitters such as the FCR, CARA,
TACAN, IDM, Jammer Pods, and AIFF operate normally.  However, when QUIET or SILENT is selected,
the  emitter operation is modified as depicted in Table 7-1.  In addition, the RF switch status, QUIET or
SILENT, is displayed on all MFD pages except TEST and SMS BIT.

Table 7-1 RF Switch Functionality

NOTE 1: NO RAD is displayed in the HUD when the FCR is in a non-radiating mode.  The FCR, which
normally does not transmit in QUIET, will transmit under the following conditions:

• If there is a bugged target in any A-A mode except TWS when QUIET is selected, the
bugged target will continue to be tracked.  During the search portion of the scan, the FCR
goes silent and passively detects other RF sources through the receiver.

RF SWITCH POSITION

RF SYSTEM NORM QUIET SILENT

FCR Transmits
Conditionally

Transmits---Note 1
Conditionally

Transmits---Note 2
CARA Transmits Transmits Transmits

TACAN Transmits Does Not Transmit Does Not Transmit

AIFF
TRANSPONDER Transmits Does Not Transmit Does Not Transmit

AIFF INTG. Transmits On Pilot
Command Only

Transmits On Pilot
Command Only

Transmits On Pilot
Command Only

IDM DEMAND
and  ASSIGN

Transmits On Pilot
Command Only

Transmits On Pilot
Command Only

Transmits On Pilot
Command Only

IDM CONT.
Normal Continuous
Transmissions On
Pilot Command

Completes
Transmission of

Continuous Round
in Progress---Note 3

Completes
Transmission of

Continuous Round
in Progress---Note 3

ECM PODS Transmits Conditionally
Transmits---Note 4

Conditionally
Transmits---Note 4
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• If there is a FTT ground target in an FCR A-G mode when QUIET is selected, the ground
target will continue to be tracked.

• If an ACM submode is commanded (TMS-right).

• If ACM is exited with a bugged target, the bugged target will be retained.

NOTE 2: NO RAD is displayed in the HUD when the FCR is in a non-radiating mode.  The FCR, which
normally does not transmit in SILENT, will transmit under the following conditions:

• If an ACM submode is commanded (TMS-right).

• If ACM is exited with a bugged target, the bugged target will be retained.

NOTE 3: If the IDM is transmitting continuous rounds as the switch is moved to QUIET or SILENT, it will
complete the current round in progress and stop transmitting.

NOTE 4: If the ECM pod is transmitting as the switch is moved to QUIET or SILENT, the pod will go to
a non-transmitting state.  Placing the CMS aft after entering QUIET or SILENT enables the pod
to continue to transmit.  

NOTE 5: When the RF switch is returned to NORM, each subsystem except the IDM and ECM pod returns
to the emissions state that was active just prior to entering QUIET or SILENT.  The IDM and
ECM pods will remain in the last emissions state occurring while in SILENT or QUIET.

When the RF switch is returned to NORM, each subsystem except the IDM and ECM pod returns to
the emissions state that was active just prior to entering QUIET or SILENT.  The IDM and ECM pods will
remain in the last emissions state occurring while in SILENT or QUIET. 

Countermeasures Management Switch

The Countermeasures Management Switch (CMS) shown in Figure 7-4 is a four-position, spring-
loaded, return-to-center switch on the side stick controller.  The switch provides hands-on controls for MLU
dispensing and jammer operations from either cockpit.  When the CMS is depressed forward, the ACMDS
dispenses the program pre-selected on the EWMS STICK SWITCH SETUP menu.  CMS right commands
the jammer system to receive only, while CMS aft provides consent for the jammer to transmit as necessary.
The left, or inboard, position currently commands a default jammer program used in conjunction with the
ALQ-162 ECM pod. 
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Figure 7-4  Countermeasures Management Switch

ECM ENBL Light

The ECM ENBL (Enable) light is located left glare shield.  The light works in conjunction with the
CMS and the RF switches to provide the pilot the current ECM pod status--- whether the pod is either
allowed to jam or is in receive only.  An illuminated ECM Enable light does not indicate that the ECM pod
is actively transmitting, but only that it will not be inhibited from transmitting if it detects a threat requiring
jamming.  For example, whenever CMS aft is selected, the ECM Enable light illuminates and the ECM pods
will operate as normal. Subsequently, if RF QUIET or SILENT is selected, the ECM pods are placed in a
receive only condition and the ECM Enable light will extinguish. If CMS right or left is commanded while
in QUIET or SILENT, the ECM Enable light will illuminate and the ECM pod will again operate as normal.
See Table 7-1 above.

Voice Message Unit

The EWMS will provide aural indications of dispenser and/or jammer operation by commanding
activation of up to 5 voice messages contained in the Voice Message Unit (VMU).  Each EWMS-to-VMU
message command may be individually enabled or disabled in the VMU Configuration of the EWMS MDF.
The messages are:

“JAMMER-JAMMER” --- This message is commanded by the EWMS when the jammer is ready to respond
to the threat(s) but the jammer is in standby or receive only mode. This message is unique to the ALQ-162
Jammer system aboard the Danish MLU aircraft and will not be heard in other EPAF aircraft. 

“COUNTER-COUNTER” ---   the EWMS will activate this message to alert the pilot that he needs to initi-
ate dispensing and/or jamming to counter a threat.  The message may be issued when the jammer is in receive
only and is detecting a threat condition that requires jamming or as part of a special synchronized jamming
and dispensing technique implemented in the ALQ-162 ECM pod. 

Countermeasures
Management

Switch
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Inhibits Jammer Transmissions
(Places Jammer System In 
Receive Only / Standby)

ECM CONSENT :  
Enables Jammer System 
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“CHAFF-FLARE” ---  this is a feedback message that tells the pilot that the dispenser has successfully
responded to CMS or Bump switch activation’s by initiating countermeasures dispensing.  This feedback
occurs as each dispensing program is initiated--- once per program initiation. 

“LOW” --- this message serves to alert the pilot of imminent depletion of a particular payload category.  It
is initiated whenever the inventory of a payload category (chaff, flare, Other 1, or Other 2) has reached a pre-
determined count as specified in the EWMS MDF. The LOW message can occur up to four times if the four
payload low warning counts have been entered into the MDF.  Once a LOW warning has been received, the
pilot must check payload quantities to determine which is low. Chaff and Flare quantities are monitored on
the EWPI while Other 1 and Other 2 must be monitored on the EWMU. 

“OUT” --- this message serves to alert the pilot that a particular payload category has been depleted and is
initiated whenever the inventory of (chaff, flare, Other 1, or Other 2) has reached a zero quantity. The OUT
message can occur up to four times if four payload categories have been entered into the MDF.  As with the
LOW message,  once an OUT message has been received, the pilot must check payload quantities to deter-
mine which expendable category has been depleted. 

Threat Area Avoidance Mechanization

The Threat Area Avoidance (TAA) mechanization, which was carried forward from the F-16A/B
OCU to the MLU aircraft,  provides the pilot with direction and altitude guidance information that can be
used to maneuver the aircraft away from predetermined threat launch envelopes.  Threat data is DTC-loaded
into the preplanned threat DED locations (steerpoints 56-70) established during mission planning.  The data
can be reviewed but not changed from the cockpit.  The minimum preplanned threat data that must be loaded
is the threat’s location (latitude and longitude).  The threat’s effective tactical range (in nautical miles) and
effective tactical altitude (in thousands of feet) should also be loaded to obtain the most accurate guidance
information. Tactical altitudes that have not been rounded to the nearest thousands of feet when programmed
on the DTC, will be rounded to the next higher thousands of feet by the UFC when they are loaded into the
aircraft.  If tactical ranges and altitudes are not DTC-loaded, the system will adopt default values of zero (0)
nautical miles and 99,000 feet altitude, respectively.  The maximum tactical range and altitude limits of the
TAA mechanization are 255 NM radius and 99,000 feet, respectively.  The TAA function may be automati-
cally turned ON as a default setting of the DTC load.  Manual activation/de-activation of the TAA function
may be accomplished from any preplanned threat steerpoint DED page by placing the asterisks about the
“ON or OFF” mnemonic at the bottom right corner of the page and depressing any key 1 through 9 (Figure
7-5).  Any key 1 through 9 acts as a rotary by changing the state of the currently displayed mnemonic from
OFF to ON and vice versa.  

Figure 7-5  TAA Preplanned Threat DED Page
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TAA Symbology. The TAA symbology is displayed on the HUD as shown in Figure 7-6.  The TAA sym-
bology may be used in conjunction with the preplanned threat range rings on the HSD MFD format to
enhance situation awareness of the threat environment.  The preplanned threat range rings are  placed on the

Figure 7-6  TAA Symbology 

HSD using the same range data as the TAA mechanization.  As the aircraft penetrates the tactical range to
the threat (threat range ring on the HSD), the HUD displays an escape vector from the borecross symbol and
two digital windows in the upper right corner.  The vector tells the pilot the direction to fly in order to clear
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the threat area (exit the threat’s effective tactical range) in the shortest possible distance.  A three digit  num-
ber in the top right corner of the HUD supplements the borecross vector by depicting the true bearing to steer
toward to exit the threat’s effective range.  To the right of the bearing readout is a two digit readout which
depicts the maximum tactical altitude of the threat. TAA information will be displayed until the aircraft has
either exited the tactical effective range of the threat or climbed above the tactical effective altitude of the
threat.  The display of the HSD range rings are not impacted by the aircraft’s location relative to the threat.
Rather, they are turned On and OFF using the HSD Control page OSB 2.

16PR14341

215



THIS PAGE INTENTIONALLY LEFT BLANK

16PR14341

216



SECTION 8  ABNORMAL OPERATIONS

General: The MLU avionics system architecture incorporates two features designed to minimize the oper-
ational impacts of subsystem malfunctions and failures.   The first feature is the traditional ‘back-up” capa-
bility in which an alternate subsystem assumes the functionality of a malfunctioning subsystem. The second
feature which applies only to the MMC is called degraded operations.  The goal of the degraded operations
approach is to provide a “graceful degradation” of capabilities when the MMC malfunctions.  A top-level dis-
cussion of  back-up capabilities and degraded operations is provided below.  Refer to T.O. 1F-16AM-34-1-
1 and the MLU Avionics Systems Manual (16PR11049) for additional information.

Back-up features: Back-up capability applies to many individual subsystems in the aircraft. 

1) Buses and Bus Control:  The MLU avionics system architecture is based on five multiplex buses
(AMUX, BMUX, CMUX, DMUX, and WMUX) as shown in Figure 8-1.  Each bus has dual-
redundant transmission channels that enable continued communication among subsystems in the
event of a single transmission channel failure.  As the primary controller of each of the buses, the
MMC integrates and coordinates aircraft display formats, sensors, and master modes with asso-
ciated systems processing functions.  In the event of MMC bus control failure, the Enhanced
Upgraded Programmable Display Generator (EUPDG) would provide back-up bus control for the
AMUX and DMUX (Figure 8-2) to give the pilot a basic self defense and get home navigation
capability.  Due to design and cost considerations, back-up capability was not provided to the

Figure 8-1 MLU Avionic Mux Bus Architecture---Normal MMC Operation
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Figure 8-2  MLU Mux Architecture with EUPDG Providing Back-Up Control
of the AMUX and the DMUX

BMUX and CMUX (Figure 8-3).  The WMUX provides most weapons control capabilities and
receives redundant control (primary and secondary bus control) from the MMC.  In addition,
redundant serial-digital lines run between the MMC and RIU at each weapon station.  The
WMUX control and wiring configuration enhances reliability and ensures a weapons jettison
capability in most single-point failure situations.
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Figure 8-3  MLU  BMUX and CMUX Inoperative ---  No Back-up Bus Control

2) UFC and/or Midlife Data Electronic Entry Unit (MLDEEU) Failure:  Most functions represented
by the keys on the UFC are inoperable when the UFC and/or MLDEEU fails.  However, as a gen-
eral rule of thumb, the subsystems controlled or configured from the up front controls will nor-
mally continue to function in accordance with there last left settings.  The communications, nav-
igation, and IFF subsystems are critically impacted by UFC and/or MLDEEU failures.  As a
result, a limited set of back-up capabilities have been provided.  They are discussed below:  

b) The UHF radio can be operated from the radio control panel (left console) after placing
the C&I switch on the IFF back-up panel to the “back-up” position.   
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will function on their “last left” frequencies. 
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h) If the UFC has failed, the DED will be able to display the pilot fault lists.  However, if
the MLDEEU has failed, the pilot fault lists will not be available.

3) DED Failure:  If the data entry display fails, DED data may be displayed in the bottom of the
HUD by selecting the DED DATA switch on the HUD Remote Control Panel. 

4) HUD Failure:  HUD failure can be caused by either the HUD programmable display unit
(HUD hardware) or the Avionics Display Set (ADS) in the MMC.  In either case all normal
HUD symbology is lost including weapons delivery, GAAF, and DTS.   Weapons delivery
may be accomplished via alternate means such as visually with the back-up aiming reticle or
through the use of the MFD cues (radar bombing, AIM-9 and AIM-120 ASE, ASC, and DLZ).
The back-up aiming reticle is selectable from the HUD remote control panel.

5) RSU Failure:  The Rate Sensor Unit (RSU) supplies roll, pitch, yaw accelerations to the
MMC for use in various weapon delivery computations.  RSU failure results in the loss of all
computedweapons delivery capabilities.  Manual bombing, a back-up AIM-9 DLZ,  and
EEGS level one capabilities are available on the HUD. 

6) INU Failure:  INU failure causes loss of all DTS capabilities, navigation master mode, posi-
tion update capability, navigation steering, heading, and groundspeed depictions.  The HUD
aircraft reference symbol, pitch bars, DWAT, and GAAF advisories are not available.  In addi-
tion, weapon delivery capabilities are limited to manual air-to-ground deliveries and AIM-9
Bore air-to-air.  Penguin and AMRAAM weapon employment capabilities are not available. 

7) CADC Failure:  The CADC can fail completely or partially.  In the event of complete CADC
failure, the last available valid CADC data will be used as inputs to the many subsystems
using CADC information.  As a result, these systems will not  provide highly accurate depic-
tions or solutions.  Critical functions that will be lost as a result of complete CADC failure
include HUD flight path marker, altitude data ( barometric altitude, system altitude, and verti-
cal velocity), calibrated and true airspeed depictions, GAAF, DWAT, and all cruise functions.
Ground stabilized HUD symbology such as steerpoint diamond, TD box, and NAV steering
cue will not be accurately positioned on the HUD because of poor system altitude.  Weapon
delivery capabilities are limited to manual air-to-ground deliveries and AIM-9 Bore air-to-air.
Penguin and AMRAAM weapon employment capabilities are not available. 

Loss of only the total temperature input to the CADC will result in loss of  system altitude,
calibrated and true airspeed indications, and the GAAF function.   If only the AOA input to
the CADC fails, the HUD AOA bracket, winds computations, and the FPM are not available.
Loss of only the barometric altitude setting input to the CADC will result in the loss of all
cruise functions and barometric altitude depictions. 

8) MFDS  Failure:  The MFDS consists of the multifunction displays and EUPDG.  If a display
fails,  full capability is available through the other display.  In these situations the pilot may
want to reprogram the selectable display formats for the Display Management Switch (DMS)
and continue with his mission.  Failure of both displays and/or the EUPDG will result in the
loss of all display formats to include FCR, weapon video, SMS, built in testing, DTE initial-
ization, and MFL reporting via the MFD.  Preprogrammed air-to-air sensor modes and
weapons are still available through the dogfight/missile override switch.  In addition, CCRP,
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DTOS, and CCIP air-to-ground submodes, last selected weapon and weapon options, and pre-
programmed air-to-ground sensor modes are available on the missile step switch.  Failures of
the EUPDG will normally result in loss of back-up bus control for the AMUX and DMUX.
If only the EUPDG system function processor fails, raw FCR and WPN video will be dis-
played on the left and right MFD,  respectively.  However, a majority of the MFD symbology
will be unavailable.  Only the symbologies imbedded in the respective FCR and WPN raw
video will be displayed. 

9) DTE Failure:  Failure modes of the DTE include inability to download parameters from the
DTC to subsystems, failure to allow data to be written from subsystems to the DTC, and total
failure.  If the DTE can not allow the DTC to load data to subsystems, automated initializa-
tion of avionics subsystems is lost and manual input of initialization parameters will be
required.  If the DTE can not allow the subsystems to write data to the DTC,  markpoints,
MFLs, Pilot Fault List (PFL), weapons and radar data will not be stored on the DTC for mis-
sion debriefing support.   In addition, all DTS capabilities are lost when the any of the DTE
failure modes discussed above occur. 

10) Redundant Switches And Signal Paths:  The following switch inputs have either redundant
signal paths or are backed up with alternate switches:

a) Master mode switches are back-up for air-to-air and air-to-ground master modes. The
master modes may be selected from the LIST DED page (List-8).

b) Air-to-ground weapon delivery submodes are backed-up by the missile step switch on the
SSC.

c) The dogfight/missile override and emergency jettison switches have redundant signal
paths. A single failure of a signal path would be transparent to the pilot.

d) The weapon release (pickle) button is backed-up with the alternate weapon release switch
on the left miscellaneous panel.

Degraded Operations: The MMC is a single Line Replaceable Unit (LRU) that was designed to replace
the FCC, SMS, and HUD Electronic Unit (EU) LRUs currently in the F-16A/B aircraft.   The MMC design
minimizes the risks of catastrophic capability losses resulting from various internal  hardware and software
malfunctions through the use of a 4-level  “degraded operations” approach. Degraded operation level 1 and
level 2 will correspond to losses of MMC functionality that  typically leaves the pilot with some functional-
ity above and beyond basic Emergency Jettison (EJ) capability.  Degraded operation level 3 corresponds to
loss of critical MMC functions which leave the pilot with primarily an EJ capability and level 4 corresponds
to a complete loss of MMC capabilities.  As with any complex system, it is not feasible to describe all pos-
sible failure related scenarios of the MMC.  However, the discussion below is intended to provide a general
overview of the characteristics of MMC malfunctions.  It addresses non-nuclear capabilities only.  Refer to
the appropriate tech order for nuclear and other expanded data.

MMC Restart. When a malfunction occurs, the MMC will attempt to clear it by performing an auto restart
which is similar “rebooting” ones personal computer.  Each MMC restart will cause the MASTER CAU-
TION and AVIONICS FAULT warning lights to illuminate.  Once the FAULT Acknowledge (ACK) button
is depressed the warning lights are extinguished and a MMC RESTART message is displayed on the Pilots
Fault List (PFL).  An MMC RESTART condition may also result in the cockpit characteristics shown below
however, it is possible that the pilot may not see all of these since a restart cycle only takes approximately
five seconds to complete.
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1) an OFF indication in the middle of the FCR and SMS MFD formats. 
2) only the ownship symbol and range rings being displayed on the HSD MFD format.
3) only partial HUD symbology being displayed.
4) interrupted IDM operation and AIFF interrogations.
5) loss of FCR tracks and IDM targets.

If the fault is cleared by the restart and does not reoccur during an eleven second probationary period fol-
lowing the restart, the MMC will return to normal operation.  However, if the fault is not cleared or reoccurs
during the probationary period, an MMC failure is declared and the system will automatically revert to one
of the four levels of degraded operation. Transition to degraded operations will result in the display of one
of five possible MMC PFL messages shown in Table 8-1.   Manually cycling MMC power during an MMC
restart is not recommended because it lengthens the total time to complete an MMC restart cycle.

Table 8-1  MMC Degraded Operations Overview

Levels of Degraded Operation. Table 8-1 depict the capabilities of each of the degraded MMC levels.
Each degraded level of MMC operation provides limited capabilities in one or more of five broad function-
al categories consisting of  Basic MMC OPS, Emergency Jettison (EJ), Get Home Navigation (GHN), Air-
to-Air Self Defense (AASD).  Basic MMC Ops includes areas such as weapons selection, control, and con-
ditioning functions, MMC BIT modes, fault reporting, master mode selection, HUD depictions, and support
for FCR functions.  Emergency Jettison (EJ) capabilities range from a full-up normal stores EJ capability to
a limited stores jettison capability using a default logic. Get home navigation capability provides the pilot
with a capability to fly and navigate the aircraft to a friendly or home airport for landing.  The Air-to-Air Self

PFL MESSAGE INTERPRETATION CAPABILITY 

MCL1   AA   STA1

MCL1   AA   STA2

MMC DEGRADED LEVEL 1
AIR-TO-AIR STATE 1

MMC DEGRADED LEVEL 1
AIR-TO-AIR STATE 2

A-A FCR OPERATION SUPPORTED.
A-A SELF DEFENSE AIM-9 BORE WITH FCR DATA.
GET HOME NAVIGATION.
FULL-UP EMERGENCY JETTISON.

FCR GOES TO STANDBY MODE.
A-A SELF DEFENSE VISUAL AIM-9 BORE WITH NO 
FCR DATA.
GET HOME NAVIGATION.
BLIND EMERGENCY JETTISON.

MCL2   EJ   BLIND

MCL2   EJ   NORM

MMC DEGRADED LEVEL 2
BLIND EMERGENCY JETTISON

(EJ  STATE 2)

MMC DEGRADED LEVEL 2
NORMAL EMERGENCY JETTISON

(EJ  STATE 1)

BLIND EMERGENCY JETTISON PLUS 
SOME ADDITIONAL CAPABILITIES

NORMAL  EMERGENCY JETTISON PLUS 
SOME ADDITIONAL CAPABILITIES

MMC   FAIL

MMC   FAIL

MMC   FAILURE

MMC   FAILURE or 
MMC POWER TURNED OFF

NORMAL  EMERGENCY JETTISON
(MMC Power Must Be Turned OFF To Do An EJ)

NO MMC.
NO JETTISON CAPABILITIES.
BLIND EJ IF LEVEL 4 INVOKED BECAUSE POWER 
TURNED OFF.

MMC  DEGRADED OPERATIONS 
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defense (AASD) category provides the pilot a limited self defense capability through the use of the AIM-9
air-to-air missile and 20 mm gun functions.  Nuclear Ops are addressed in appropriate nuclear tech orders.

1) MMC Level 1 Degraded Operations:   Level 1 is the highest level of degraded operations and
includes capabilities from all of the functional categories discussed above.

Air-to-Air Self Defense (AASD) is a level 1 capability only.  It is sub-divided into two
air-to-air states (Air-to-Air state 1 and Air-to-Air state 2) differentiated by the availability of  the
FCR and 20mm gun capabilities. The level 1 states are depicted by either the “MCL1  AA STA1”
or “MCL1  AA STA2” PFL message shown in Figure 8-4.  In level 1, Air-to-Air state 1,  the ACM
mode of the FCR and the AIM-9 Bore launch capabilities are available.  Target symbology, aspect
angle, target locator line, AIM-9 aiming reticle, shoot cues, DLZ, and break X are also available.
SMS AIM-9 support functions such as weapon selection and status, AIM-9L/M missile cooling,
spot/scan selection, threshold detect, and cage/uncage functions are provided.  Hands-on controls
are available but use of the 20mm gun is not available.  Fault reporting and collection for those
subsystems residing on the AMUX and DMUX is also provided.  

In Air-to-Air state 2,  no FCR capabilities are available and the FCR MFD format will
show an “FCR OFF” depiction.  Only a visual AIM-9 Bore launch capability is available using
the AIM-9 Bore circle and missile diamond which will be displayed on the HUD.  The SMS
functions supporting the AIM-9 are weapon selection and status, AIM-9L/M missile cooling,
spot/scan selection, threshold detect, and cage/uncage.  The 20 mm Gun and the HUD EEGS
level 5 gun borecross is also available for self protection.  Hands-on controls as well as fault
reporting and collection for MMC, SMS, and Nuclear faults are available.  In addition, provi-
sions are available for selection of the Air-to-Ground master mode and manual (non-computed)
Air-to-Ground weapons deliveries using the manually depressible (primary or standby) sight
reticle located on the HUD panel on the right console.

A common core of GHN capabilities is provided in both states of MMC level 1 degraded
operations. They include NAV Master mode, HUD instrument flight display consisting of the
great circle steering cue, airspeed, heading , altitude and VVI scales;  pitch scale, flight path mark-
er, and roll indicator; and, a HUD landing display consisting of the AOA bracket and ILS steer-
ing bars reflecting raw ILS data.  GAAF (using RALT data), MSL/AGL altitude advisories,  and
ILS Command steering cue may or may not be available depending on the nature of the MMC
failure.  GPS and Kalman filter capabilities are not available in level 1 degraded operations.  

There are two types of E-J functions available during MMC degraded operations.  A full-
up emergency jettison capability consisting of the normal E-J MFD format and store jettison
sequencing according to the last known stores inventory will be available when E-J is entered
from a level 1, Air-to-Air state 1 condition.  In level 1 Air-to-Air state 2,  a “blind” (BLND) emer-
gency jettison capability is provided.   For “blind” jettison, there is no display of jettison infor-
mation on the MFDs and the system uses a default stores load configuration for jettison sequenc-
ing.  The default stores configuration assumes tanks loaded at stations 4 and 6.

2) MMC Level 2 Degraded Operations:  There are two states of MMC Level 2 operation that are
defined based on the type of jettison capabilities available.  They are depicted by PFLs  “MCL2
EJ BLND” and “MCL2 EJ NORM”.  Level  2 provides the same GHN and E-J capabilities as
level 1. The basic MMC Ops capabilities include the same FCR and no FCR variants of level 1
but the AASD and manual Air-to-Ground weapons delivery capabilities of level 1 are not avail-
able. Fault reporting and collection capabilities are similar to level 1. 
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3) MMC Level 3 Degraded Operations:  Level 3 degraded operation, which is depicted by the
“MMC FAIL” PFL message,  provides the same E-J  BLND capabilities found in degraded MMC
levels 1 and 2.  However, the MMC power switch must be placed in the “OFF” position in order
to do E-J under level 3 conditions.  No fault reporting and collection capabilities are supported in
level 3.  The GHN function found in level 2 is not supported in level 3, however, Backup (BUP)
STPT (back-up steerpoint) DED page is displayed when the MMC fails (Figure 8-4).  The steer-
point will default to “0” which corresponds to the position of the steerpoint that was selected
when the MMC failed.  Steerpoints 1-9, corresponding to the same steerpoints 1-9 prior to the
MMC failure.  The UFC can be used to change steerpoint data. Data that has been changed dur-
ing back-up steerpoint operation will be lost if the MMC resumes normal operation.

Figure 8-4 Back-Up Steerpoint DED Page

4) MMC Level 4 Degraded Operations:  Degraded level 4 is invoked when the MMC has totally
failed or has been turned “off.  Level 4 capabilities are the same as level 3 except that E-J is not
functional if level 4 was caused by an MMC malfunction.  It should be noted that no PFL will be
issued if the MMC Power switch has been placed to “OFF” prior to the MMC transitioning to a
level 4 state.  (For example,  if the pilot places the MMC power switch OFF to do an E-J in level
3 and has not returned the switch to “ON” before the MMC goes to level 4).  
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-A-

AAA anti-aircraft artillery
A-A air-to-air
A/B basic have quick frequency table
A/C aircraft
A-G air-to-ground master mode
AAM air-to-air missile
AASD air-to-air self defense
ACAL altitude calibration
ACCUR accuracy
ACK acknowledge
ACM air combat mode
ACMDS advanced countermeasures

dispenser set/system
ACQ acquisition
AD/BA arming delay/burst altitude
ADDR address
ADI attitude direction indicator
ADJ adjust
ADLNK/ air-to-air datalink
ADLINK
ADS avionics display set
AFMSS Air Force Mission Support System
AGL above ground level
AGM air-to-ground missile
AGR air to ground ranging
AGTS aerial gunnery target set
AIFF advanced identification friend or foe
AIM airborne intercept missile
ALBIT all BITs
ALGN/ align
ALIGN
ALOW altitude low
ALS ambient light sensor
ALT altitude/alternate
AM amplitude modulated
AMLCD active matrix liquid crystal display
AMRAAM advanced medium range

air-to-air missile
ANG angle
ANT antenna
AOA angle of attack
AR air refueling
ARM armed
A/S airspeed

ASC attack steering cue
ASE allowable steering error
ASGN assign
ASL azimuth steering line
ATT attitude
AUTO automatic
AUX auxiliary
AVTR airborne video tape recorder
AW auto waypoint

-B-

BAF Belgium Air Force
BAI bank angle indicator
BARO barometric
BATH best available true heading
BATR bullets at target range
BCN beacon
BIT built-in test
BLK block/blanking
BLND blind
BNGO bingo
BORE boresight
BP bypass
BPS bits per second
BRK break/brake
BRT brightness
BSGT boresight
BULL bull’s-eye
BUP back-up

-C-

CADC central air data computer
CARA combined altitude radar altimeter
CAS calibrated airspeed
CAT category
CATA collision antenna train angle
CAVTR color airborne video tape recorder
CBT combat
CCIP continuously computed impact point
CCOFF counter-counter measures OFF
CCON counter-counter measures ON
CCRP continuously computed release point
CEN centered
CEP circular error probability
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CFIT controlled flight into terrain
CH channel
CHAN channel
CHCK check
CHNG change
C&I communications and IFF
CIU central interface unit
CLR clear
CLSD classified coefficient data
CMD STRG command steering
CMDS countermeasures dispenser system
CMFD color multi-function display
CMS countermeasures management switch
CNI communications, navigation,

and identification
CNTL control
C/O cut off
COH cold on hot
COM communication
COMM communication
COMP compass
CON contrast
COND conditioning
CONFIG configuration
CONT contrast/continuous
CONTR control
CORR corrections
CPL coupled
CRAD crypto radio
CRM combined radar mode
CRPA controlled reception pattern antennae
CRS course
CRUS cruise
CSFDR crash survivable flight data recorder
CZ cursor zero

-D-

D&R depress and release
DBS doppler beam sharpening
DBTC data base terrain cueing
DCLT declutter
DCPL decoupled
DCS data control switch
DE/CIS data entry/computer interface set
DEC decrement
DED data entry display
DEG degree

DEGR degrade or degraded
DEP depressed
DEPR depression
DES destination
DEST destination
DFARS DOD Supplement to Federal

Acquisition Regulations
DFLT default
DFM digital flight map
DGFT dogfight
DISC disconnect
DISP dispenser
DISPL display
DL datalink
DLNK datalink
DLOS designated line of sight
DLY delay
DLZ dynamic launch zone
DMA Defense Mapping Agency
DMD demand
DMS display management switch
DN down
DOD Department of Defense
DRA data rate adapter
DRNG Delta bomb range
DSPL display
DTC data transfer cartridge
DTE data transfer equipment
DTED digital terrain elevation data
DTOS dive toss
DTS digital terrain system
DTSAS digital terrain system

application software
DTU data transfer unit
DUR duration
DVOD digital vertical obstruction data
DWAT decent warning after takeoff

-E-

E east
ECP Engineering Change Proposal
ECM electronic counter measures
EDR endurance
EEGS enhanced envelope gunsight
EGM enhanced ground map
EGR egress
E-J emergency jettison

16PR14341

226



ELEC electric
ELEV elevation
EM energy management
EMER emergency
EMI electromagnetic interference
ENBL enable
ENG engine
ENTR enter
EO electro-optical
EPU emergency power unit
ERR error
ETA estimated time of arrival
EU electronics unit
EUPDG enhanced upgraded programmable

display generator
EVE estimated vertical error
EWAP electronic warfare aerospace ground

equipment (AGE) panel
EWMS electronic warfare management

system
EWMU electronic warfare management unit
EWPI electronic warfare prime indicator
EXP expand

-F-

FCC fire control computer
FCR fire control radar
FEBA forward edge of battle area
FEDS firing evaluation display set
FLCS flight control system
FLIR forward looking infrared
FLT flight
FM frequency modulated
FMT frequency management training
FOV field of view
FPM flight path marker
FRPA fixed reception pattern antenna
FRQ frequency
FRZ freeze
FT feet
FTIT fan turbine inlet temperature
FTT fixed target track
FWD forward
FZ freeze

-G-

G/g gravity unit
G/S ground speed
GAAF ground avoidance advisory function
GCAS ground collision advisory system
GD guard
GDLNK/ air-to-ground datalink
GDLINK
GHN get home navigation
GM ground map
GMT ground moving target 
GMTI ground moving target indicator
GND ground
GPS global positioning system
GPW ground proximity warning
GRD guard

-H-

H horizontal/high
HDG heading
HI high
HIS history
HK hack
HMD helmet mounted display
HMPT home point
HOBO hands-on blackout switch
HOC hot on cold
HPU horizontal position uncertainty
HQ Have Quick
HSD horizontal situation display
HSI horizontal situation indicator
HUD head-up display
HUDD HUD direct
HUDT HUD turn
HYD hydraulic
Hz Hertz

-I-

ICP integrated control panel
ID identification
IDDC individual display dimmer control
IDENT identification
IDM improved data modem
IFF identification friend or foe
IKP integrated keyboard panel

16PR14341

227



ILS instrument landing system
IMSC instrument mode select coupler
INC increase
INC increment
INC/DEC increment/decrement
IND indicator
INDIV individual
INFLT inflight
INIT initialization
INS inertial navigation system
INSM INS memory
INST instrument
INSUFF insufficient
INT intensity
INTG interrogator
INU inertial navigation unit
INV inventory
IP initial point
IPT integrated product team
IR infrared

-J-

JETT jettison
JMR jammer
JTSN jettison

K

K kilo (thousands)/knots
KCAS knots calibrated air speed
KTAS knots true airspeed
KTS knots

-L-

LADD low altitude drogue delivery
LASR laser
LAT latitude
LAU launcher armament unit
LBS pounds
LDG/LND landing
LNCH launcher
LNG/LONG longitude
LO low
LOS line of sight
LOTC low terrain clearance
LRU line replaceable unit

LTG lighting
LTS lights
LVL level

-M-

M mode
M-SEL mode select
MAG magnetic
MAGV magnetic variation
MAL malfunction
MAN manual
MAU miscellaneous armament unit
MAX maximum
MD mode
MDDE menu driven data entry
MDF mission data file
MED medium
MFD multifunction display
MFDS multifunction display set
MFL maintenance fault list
MGC manual gain control
MGMT management
MHA maximum hold altitude
MHz megahertz
MIL military/milliradian
MIN minimum
min. minute
MISC miscellaneous
MKPT markpoint
ML missile launch
MLDEEU Mid-Life date electronic entry unit
MLE missile launch envelope
MLU Mid-Life Update
mm millimeter
MMC modular mission computer
MN manual
MPD mission planning data
mR milliradian
MRA minimum release altitude
MRGS multiple reference gunsight
MRM medium range missile
MSG message
MSL mean sea level or missile
MSL missile
MSL OVRD missile override
MSMD master mode
MSN mission

16PR14341

228



MSS/ mission support system/computer-
CAMPAL aided mission planning at airbase

level
MSTR master
MTC minimum terrain clearance
MTI moving target indicator
MTR moving target reject
MUX multiplex
MWS missile warning system

-N-

N north
n. mi nautical miles
NAR narrow
NATO North American Treaty Organization
NAV navigation
NB narrow band
NM nautical mile
NNTO Non-NATO
NO RAD no radiate
NO. number
NORM normal
NSTL nose/tail
NVG night vision goggles
NVIS night vision imaging system
NWS nose wheel steering
NXT next

-O

OA offset aim point
OCU operational capabilities upgrade
OFLY overfly
OFP operational flight program
OPER operate
OPT optimum
OSB option select button
OTR other
OVRD override
OW/C obstacle warning/cueing
OWN ownship

-P-

PC personal computer
PENG penguin
PFL pilot fault list

PIDS pylon integrated dispenser station
PGCAS predictive ground collision

avoidance system
PNL panel
POS position known
PPI planned position indicator
PR passive ranging
PRA planned release altitude
PRDR Penguin radar
PRE preplanned
PRESS pressure
PRF pulse recurrence frequency
PRI primary
PROF profile
PROX proximity
P/T position/time
PUP pullup point
PVI pilot vehicle interface
PWR power

-R-

RAD radiate
RALT radar altimeter
RBM real beam map
RBS radar bomb score
RCCE reconnaissance
RCL recall
RDR radar
RDY ready
RECCE reconnaissance
REL release
RET reticle
RF radio frequency
RIU remote interface unit
RLG ring laser gyro
RNG range
RP reference point or release pulse
RPM revolutions per minute
RS restart
RST reset
RSU rate sensor unit
RT right
RTN return
RTS return to search
RWR radar warning receiver
RWS range while search
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-S-

S south
S-J selective jettison
SAD search altitude display
SALT system altitude
SAM situation awareness mode or

surface-to-air missile
SBC symbology, intensity,

brightness, contrast
SCAI self-contained attitude indicator
SCOR scoring
SEA sea
sec. seconds
SEC secure
SEL select
SEP separate
SEQ sequence
SGM sam in ground map
SIM simulate
SJ selective jettison
SMS stores management set
SMT sam multitrack
SNP snap
SOI system of interest
SP snowplow
SPD speed
SPI system point of interest
SQ salvo quantity
SQL squelch
SRCH search
SRM short range missile
SSC sidestick controller
STBY standby
STOR stored
STP steerpoint/sighting point
STPT steerpoint
STRF strafe
ST STA store station
STT single target track
SW stored waypoint
SYM symbology
SYS system

-T-

T-ILS tacan-ILS
T/R transmit/receive

TAA threat area avoidance
TACAN tactical air navigation
TAS true airspeed
TC terrain clearance
TCH terrain clearance height
TCN tacan
TD target designator /threshold detect
TER triple ejector rack
TF terrain following
TFOV total field of view
TGP targeting pod
TGT target
TGT HIS target history
THDG true heading
TIM time
TK tank
TM telemetry
TMS target management switch
TNET basic Have Quick training

frequencies
TNG training
TO take off
TOD time of day
TOF time of flight
TOI target of interest
TOS time over steerpoint
TOSP time of spot
TOT time on target
TRK track
TRN terrain referenced navigation
TTGTP time to go to pull-up
TTS two target sam
TUA time until active
TUI time until impact
TWS track while scan

-U-

UFC upfront control
UHF ultra high frequency
ULFT/ unified loft
ULOFT
UNK unknown
UNKN unknown
UTM universal transverse mercator
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-V-

V vertical
VAC volts, alternating current
VAH velocity altitude heading
VHF very high frequency
VIP visual initial point
VIS visual
VMU voice message unit
VOD vertical obstruction data
VOL volume
VPU vertical position uncertainty
VRP visual reference point
V/T velocity/track
VV vertical velocity
VVI vertical velocity indicator

-W-

W west
WAC wide angle conventional
WB wide band
WOD word of day
WOW weight-on-wheels
WPN weapon
WP expand about waypoint
WPT waypoint

-X-

XFCC expanded fire control computer
XMT transmit
XMTR transmitter

-Z-

ZVEL zero velocity
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