OZ Primary Flight Display
Tutorial for Pilots

Introduction

This document provides instructions on how to run OZ with Microsoft Flight Simulator X and learn how to use OZ effectively to fly precisely in IMC.

SetUp

OZ is compatible with both Microsoft Flight Simulator X and X-Plane 9.  Download OZ Executables from the eSky web site (www.fly-esky.com/TryOz) and follow the instructions in the ReadMe file. 
N.B.
OZ is only compatible with Windows XP and Windows 7.  It will not run with Windows Vista or on Macs at this time.  Sorry for any inconvenience.

Running OZ

Simulator Controls

You can use any set of FSX simulator controls that you are comfortable with.  We use the CH Products Flight Sim Yoke and the Saitek Pro yoke/throttle but any set of controls will do.  You may want to assign certain FSX functions to buttons on your yoke, joystick or throttle.  The following functions have proved useful to us.  It helps if the associated commands (e.g., Flaps UP and DOWN) are assigned to opposite sides of a rocker or hat switch but this is not necessary.
Autopilot Master ON

Autopilot Altitude Hold ON

Autopilot Heading Hold ON

Elevator Trim (down)

Elevator Trip (up)

Flaps (Extend incrementally)

Flaps (Retract incrementally)

N.B.
It is very important to have a button on the joystick, yoke or throttle assigned to the FSX Pause command as explained below.
Set Up OZ
Follow the instructions in the eSky Download ReadMe file to set up OZ with your chosen flight simulator.   At present the only available OZ platform in the demo version is the Cessna 172, although the OZ commercial product is available for multiple aircraft in the GRT Horizon or Sport EFIS.
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For this tutorial, start your flight simulator, either MSFSX or X-Plane 9, select the Cessna 172 aircraft and move to the airport KIXD (New Century Air Center in Olathe, KS).   This is the only airport the demo version can display (along with the GPS and ILS instrument approaches).

 Once you’ve done this, you should use the simulator controls to move the aircraft to a position just east of NAPVY waypoint (eastern anchor for the T-approach to Runway 36 at KIXD, see Figure 1) at an altitude of 3100’, on a heading of 270° and at an airspeed of 110 KIAS.  Save the flight (MSFSX) or situation (X-Plane) so you can return to a known position if you become disoriented or to practice a GPS or ILS approach. 
Save the current flight/situation.  If during the subsequent tutorial the aircraft should crash, simply reload the flight/situation and start over.  If you haven’t already done so, set up a joystick/yoke button to Pause FSX.
Fly OZ

It is possible to fly OZ without any prior instruction, as the relationship between the aircraft and the horizon is fairly intuitive.   However, to learn how to make OZ a tool that will greatly improve your ability to fly IMC simulations, you should study in sequence each of the graphical elements of the OZ display 
Horizon, Star Layers and Heading Scales
The OZ horizon is a white horizontal line across the screen with altitude readouts at each end.  The OZ horizon is actually the zero pitch line (equivalent to the horizon line on an attitude indicator or integrated avionics PFD).  The actual horizon may be somewhat below it, especially at high altitudes).  This is the altitude reference for the aircraft.  All objects above or below the zero pitch line on the OZ display are above or below the aircraft in the external world.  The demo version of OZ has a blue sky and greenish-brown ground divided by the horizon.  
At the top and bottom of the display there are heading scales.  The upper heading scale is the standard heading scale, the bottom heading scale is the reciprocal heading scale.  These heading scales are used to determine both the heading of the aircraft and the location of objects in the external world, as indicated below.  Note that both the upper and lower heading scales cover 180° each, providing a full 360° panoramic scale.
Another prominent feature of the OZ display is a set of horizontal line of small moving squares (stars).  Each star layer represents an altitude layer.  Star layers are spaced every 500 feet above 1000’ AGL and 100 feet below 1000’ AGL.  Layers at 1000’ intervals are labeled at the outer edges.  Every third star serves as the origin point for a set of moving stars that follow the path that an object would follow if it started out at the bearing and altitude of the origin star and moved toward the aircraft at constant altitude.  As the stars approach the aircraft, they move further up or down and further outboard.  The flow of the stars from a single layer defines an altitude plane at that height.  

Pitch Reference Lines

The large yellow flight director symbol in the center of the PFD is an aircraft pitch indicator.  The FD symbol is flanked by two small yellow horizontal lines, one on each side of the PFD.  The three symbols are all segments of a single pitch indicator.  The position of the point of the FD symbol and the side lines with respect to the horizon indicate the aircraft’s pitch attitude.  

A pitch scale is provided by a series of while horizontal lines above and below the horizon.  The vertical line portion of the upper pitch reference is termed the “Lubber Line”; the point at which it intersects the upper heading scale is the current aircraft heading.  The vertical line portion of the lower pitch reference is termed the “Down Line”; where it intersects the reciprocal heading scale is the reciprocal of the current aircraft heading.

The pitch scale has three large tick marks and three small tick marks both above and below the horizon.  The spacing between tick marks is 5°; the complete pitch ladder covers ±30° from the horizon.  The outboard pitch lines also have vertical lines that cross them, forming an intersection point.  

Trim Indicator

There is a small yellow open circle that moves up and down along the axis of the vertical lines to indicate trim position.  When the trim position circle is centered on the intersection of the outboard pitch lines and the vertical trim lines, the trim is in the Takeoff position.
PRACTICE:  Unpause the simulator and pitch the aircraft up and hold a five degree nose up pitch.  Then pitch the aircraft down and hold a five degree nose down pitch.  Finally, pitch the aircraft to zero pitch and practice holding the pitch attitude at zero until you can hold it within ± 1 degree for 2 minutes.
Nose Ring / Flight Path Vector

The OZ nose ring is a large open yellow circle in the middle of the OZ aircraft graphic elements whose diameter is six degrees.  The nose ring is a flight path vector whose center point indicates the aircraft’s path over the ground.  Vertical deflection indicates angle of climb/descent ; horizontal deflection indicates drift angle (the angle between heading and ground track).  When the nose ring is centered on the horizon the aircraft is in level flight.  When the Nose Ring is above or below the horizon the aircraft is climbing or descending at an angle relative to the ground independent of airspeed and of wind direction and velocity.   Since the nose ring diameter is six degrees, when the top of the nose ring is on the horizon line, the aircraft is descending on a 3°glide path, which is standard for an ILS approach.  

To fly an ILS approach on glide path, the pilot must first center the aircraft on glide path and then put the top of the nose ring on the horizon.  This sight picture indicates that the aircraft is on glide path and is descending at the glide path angle.  If the aircraft goes above or below the glide path, the pilot need only move the top of the nose ring slightly above or below the horizon line in the direction of the glide path to initiate a correction.

PRACTICE:  Try turning the aircraft left and right while maintaining the nose ring centered on the horizon.  This is the sight picture for the Nose Ring in level flight.  Now try lowering the nose so that the top of the nose ring just rests on the horizon line.  This is the sight picture for a 3° descent over the ground during an ILS approach

Now try adding full power on the throttle and raising the nose attitude until the bottom of the nose ring rests on the horizon line.  This is the pitch attitude for a 3° climb.  In future versions of OZ the size of the Nose Ring will be adjusted to match the required climb gradient for the approach and revert to 3° when the Procedure is completed.

Practice flying left and right while maintaining level flight and up and down at a 3° angle until you can maintain level flight or a constant angle climb for two minutes.

Target Altitude 
The OZ altitude “bug” or target is a special star layer whose altitude can be set by the pilot.  The target altitude stars are displayed in magenta and are twice the size of the altitude star layers.  In the demo OZ, the target altitude can be changed using the “+” and “-“ keys when the OZ window has the Windows focus.  

The target altitude value is shown in the persistent value region of the OZ display (the lower segment of the screen with a black background, divided into boxes).  The altitude box is centered just below the OZ graphic display window and contains both the actual altitude value (yellow) and the target altitude value (magenta).

To use the target altitude for altitude control, use the “+” and “-“ keys to set the target to the desired altitude and climb or descend until the altitude readout matches the value of the target altitude.  At this point the altitude target layer and the horizon will be at the same position.  To maintain altitude, descend whenever the horizon is above the altitude target layer and climb whenever the horizon is below the altitude target layer.  

PRACTICE:
Set the target altitude near the current altitude value and practice climbing/ descending to the target value, then maintaining altitude.  This may be difficult at first as the climb/descent angle lags the pitch attitude.  Using gentle pitch changes and focusing on the stabilizing the pitch attitude will make the process easier.  Practice until you can maintain altitude within 20 feet for 2 minutes.

Target Heading
The target heading is another special case of the star layers.  The target heading is set by pressing the “[“ and “]” keys to increase or decrease the target heading value (one degree per press).  The target heading marker is a set of large stars denoted by the “+” sign, originating at the target heading on each visible star layer.  If the target heading is 145 degrees, for example, at the 145 magnetic heading mark in each star layer a large star will originate and stream toward the aircraft within that altitude plane.  If the aircraft is on the target heading, these large stars will move up the Lubber Line and down the Down Line.  Note that when the target heading is set to a heading ahead of the wings, the heading stars are displayed in green.  When it is set to a heading behind the wings, the heading start are displayed in orange.  This convention is also used in the display of external world objects.
PRACTICE:
Using the “[“ and “]” keys, select a heading close to the aircraft’s current heading and practice maintaining that heading using only small angles of bank. If you see the large heading stars (colored bright green) on either side of the Lubber Line, turn toward them until they are on the Lubber Line.  Roll out slightly before the heading stars reach the Lubber Line to stabilize on the target heading.  Practice until you can maintain heading within ±3 degrees for 2 minutes.

Stick and Pendulum

The stick and pendulum are two vertical yellow lines above and below the nose ring.  The stick is an angle of bank indicator.  The pendulum is a balanced flight indicator.

Unpause the flight simulator and roll into a left or right bank, then pause the simulator.  The angle between the stick and the blue “lubber line” on the pitch scale shows the angle of bank.  There is no angle of bank scale in OZ so only an approximate angle of bank can be estimated.  At low speeds there is little need for an angle of bank indicator unless steep turns are contemplated since the primary objective is to fly standard rate turns.  At higher speeds the angle of bank required for a standard rate turn exceeds the allowable angle of bank from some high performance airplanes’ POHs.  Currently the OZ simulator is only implemented for low speed aircraft like the Cessna 172.  An angle of bank scale will be added to a later version of OZ. 

The pendulum indicates unbalanced flight when it is not vertical on the OZ screen.  If you have your flight simulator set up with autorudder enabled, the pendulum will always be vertical.  If autorudder is not enabled, you can use the rudder pedals or joystick/keyboard rudder controls to regain balanced flight by “stepping on the pendulum” just as you would with a turn coordinator by “stepping on the ball”.

PRACTICE:
Try rolling into banks left and right, then return to straight and level flight.  If rudder control is enabled, try establishing unbalanced flight and then use the pendulum to return to balanced flight.  

Aircraft Metaphor Graphic Elements

The aircraft metaphor is the collection of graphic elements that refer to the aircraft itself and its performance.  Collectively it includes the straight wings, bent wings, speed stick, speed bug and ??.  The aircraft metaphor elements are duplicated on each side of the OZ graphic window.
Straight Wings

The straight wing, one on each side, is a horizontal line passing through the nose ring.  The straight wing has three components, one green, one yellow and one (small) red.   The straight wing represents an airspeed scale in which zero airspeed is at the center of the OZ display windowand Vne is at the outermost point indicated by the red line segment.   The green and yellow segments of the straight wing represent the normal operating airspeed range and the caution range.  The innermost end of the green range is the (clean) stall speed.  Above and below each colored straight wing segment is a short white segment representing the operating range with full flaps.  The innermost end is the stall speed in landing configuration and the outermost end is the maximum flap operating speed (Vfe).

The actual airspeed indicator is not yet visible and will be introduced below.

Bent Wings

The bent wings, one in each quadrant of the OZ graphic display window, have two segments, a short inner segment and a longer outer segment.  Each bent wing has the same shape as the others but reflected across the vertical or horizontal axes.  Consider the bent wing in the upper right corner.  Using the clean wing as an airspeed scale, the bent wing is a stylized representation of the aircraft drag curve.  Drag starts out high at the stall speed (innermost point on the airspeed scale), decreased until a minimum (minimum drag, best rate of climb airspeed (Vy) or minimum rate of descent) and then increases continuously until Vne.
The angle at which the bent wings are drawn is the angle of bank required for a standard rate turn at the current airspeed. When the aircraft is in a standard rate turn, two outer segments of bent wings opposite each other will be parallel to the zero pitch line (horizon).  The two inner segments of the other bent wings will also be parallel to the zero pitch line.  When the bent wing outer segments are on the zero pitch line, the aircraft is in a level standard rate turn.

Speed Stick

The speed stick is a vertical line (one on each side of the screen) perpendicular to the speed axis.  The position of this stick along the clean wing is the actual indicated airspeed.  The speed sticks serve both as airspeed and power indicators.  The horizontal position of the sticks along the clean wings is the indicated airspeed.  The length of the white segment of each speed stick is power available.  The length of the green segment of each speed stick is the current power applied.  Unpause the flight simulator and move the throttle up and down.  Note that as you increase power the green segment grows, as you reduce power the green segment shrinks.  If you maintain altitude by holding the nose ring centered on the horizon, the airspeed will increase and decrease with power changes.  

The speed diamond is drawn on the straight wing at an airspeed set by the pilot and acts as a graphic indicator of the target airspeed (airspeed “bug”).  The speed diamond can be used to set a target indicated airspeed, for cruise, approach, landing, or other maneuvers.  The actual and target airspeed values are shown in the SPD box below the OZ graphic window.   Pressing the “,” and “.” keys decreases / increases the target indicated airspeed by one knot per press.  

As noted above, the green segment of the speed stick(s) is an indicator of power applied.  When the green segment of the speed stick is exactly the length of the spacing between the bent wings at the current airspeed, the power is set at the power required for level flight at that airspeed in that configuration.  This allows the pilot to set the target airspeed and then to set the power for level flight at the target airspeed by adjusting the throttle until the green segment of the speed stick matches the spacing between the bent wings at the target airspeed.  If altitude is maintained the aircraft will gradually accelerate or decelerate to the desired speed.  Since the shape of the OZ aircraft graphics varies subtly with changes in airspeed, you may have to make a final adjustment to get and maintain exactly the desired airspeed.
PRACTICE:  Restart with the flight sim flight/situation and set the autopilot to maintain altitude.  Experiment with increasing and decreasing the throttle setting and watch as the autopilot maintains altitude and the speed increased and decreases with throttle setting. 

Set the target airspeed at 90 knots using the “,” and “.” keys.  Turn off the autopilot (assign a joystick/yoke/throttle button for this purpose).  Adjust the throttle to about half setting and maintain altitude by holding the nose ring centered on the horizon.  When the speed stick slows until it is centered in the speed diamond, add throttle until the green segment of the speed stick is just as long as the spacing between the bent wings above and below the speed diamond.  Maintain level flight.  This should result in a speed of 90 knots.  If the speed is slightly too slow or fast, adjust the throttle slightly and let the aircraft accelerate or decelerate.  Find the setting to maintain 90 knots and fly level at 90 knots for 60 seconds.  Then use the “.” key to increase the speed bug value to 110 knots.  Add full power and accelerate while maintaining 2000’.  When the speed stick reaches the center of the speed diamond, adjust power until the green segment matches the spacing between the bent wings.  Fly level at 110 knots for 60 seconds.  Pause FSX.

Display of External Objects

Objects in the external world can be displayed on the OZ PFD screen.  Any external object symbol is displayed in green if the associated object is ahead of the aircraft (relative bearing -90° ≤ object bearing ≤ +90°).  External object symbols or aircraft behind the aircraft are displayed in orange.  This convention also holds true for the heading bug.  
Each type of displayable external object has its own symbol, based on the standard chart symbols for the respective objects.  The OZ external world display is 3D and points have an associated altitude.  Airports are shown at their reference altitude.  Waypoints, fixes, market beacons, initial and final approach fixes are shown at the altitude associated with the instrument approach procedure of which they are a part.  The demo version of OZ does not have this capability for any object other than an airport.  All other objects are shown at the aircraft’s current altitude (i.e., on the horizon).  The demo version of OZ only supports airport symbols and waypoint symbols.  All objects other than airports are drawn as GPS waypoints.  The currently defined symbols are:

	Symbol
	Meaning
	Remarks

	Eyeball filled with small dots 
	ILS Marker Beacon
	Marker beacons are displayed in OZ with an associated altitude based on the instrument approach procedure of which they form a part.  

	Filled Diamond
	Air Traffic
	Air traffic is represented by diamonds in a quasi-TCAS format.  The boundaries of the diamond are displayed in standard TCAS colors.  The fill color is standard OZ: green for ahead of the aircraft, orange for behind.  

	GPS Waypoint Symbol
	GPS Waypoint
	OZ uses modified GPS waypoint symbols for GPS waypoints.  The outline of the waypoint symbol and the central circle are drawn without fill color for both compulsory and non-compulsory reporting waypoints.

	Green/orange line originating at an airport and terminating in a diamond
	Runway extended centerline
	The centerline only appears when the aircraft heading is within 30° of the runway final approach course.  When the end of the centerline does not extend off the screen, it terminates in an open circle.  When the circle is centered in the bottom middle of the OZ display window, the aircraft is on the extended centerline.


External World Objects

To explore the OZ display of external world objects, return the aircraft to the original situation east of NAPVY intersection near KIXD.  Pause the simulation.  From this position you should see a large green waypoint symbol near the center of the screen.  This is NAPVY.  In the lower right segment of the persistent value display you should see the identifier for and the distance to NAPVY.   Another, smaller waypoint symbol should be near the center of the screen.  This is ANQUM, the Intermediate Fix of the GPSRWY36 approach to KIXD.  To the right of the screen, on the horizon, you should see another, samller waypoint symbol.  This is JIKLA, the Final Approach Fix for the GPSRWY36 approach.  The instructions that follow will take you through the GPS approach.  Don’t expect to make a good approach on your first attempt, try more to learn how the OZ graphics image evolves as you approach the airport.

Pause the flight simulator and left-click the mouse while inside the OZ display window.  This gives the Windows focus to OZ.  Use the “-“ and “+” keys to adjust the altitude bug to 3100’ and the “[“ and “]} keys to set the heading bug to 266°.  Use the “,” and “.” keys to set the target IAS to 100 knotsYou should be just a few miles from NAPVY.  

Unpause the simulation and maintain 3100’ while you turn to position the nose ring on the symbol for NAPFY.  Set power to maintain 110 KIAS.  You should get to NAPFY in about a minute.  As you approach NAPVY the waypoint will move off the screen as you pass it.  When you have passed NAPFY, its symbol will shrink dramatically and it will turn orange.  Simultaneously the symbol for ANQUM will grow and its identifier will replace NAPVY in the navigation box on the lower right of the screen.
Turn to a heading of 266° (the current target heading) and fly toward ANQUM.  This should take about two minutes.  Concentrate on maintaining heading, altitude and airspeed.  In OZ you always turn toward the object you want to intercept.  Use gentle corrections to return to altitude, airspeed and heading.

When you arrive at ANQUM, turn to a heading of 356.  Reset the target heading to 356° and change the target altitude to 2700’.  Reduce power, lower the nose and fly down to 2700’ while maintaining 110 KIAS.  Turn to position the new large GPS waypoint symbol (JIKLA) to the center of the nose ring.  Level off at 2700’, set the target IAS to 90 knots and slow until the speed stick is centered in the speed diamond.  Adjust power to maintain 90 KIAS.

As you pass ANQUM, JIKLA will replace it as the next waypoint and you will see the KIXD airport symbol.  The runway centerline graphic may or may not appear momentarily, but it will remain only if the aircraft is within 30° either side of the runway centerline.  Fly the aircraft so that the nose ring overlays the JIKLA waypoint symbol.  If the heading is something other than 356 when the nose ring is centered on JIKLA, turn left or right until the JIKLA symbol and the target heading indicator are both on the same side of the screen relative to the yellow stick.  Wait until the JIKLA symbol reaches the target heading indicator and then turn to the target heading.  Use small turns to correct for wind and stay on the runway centerline.
As you approach JIKLA, prepare to begin descent.  At JIKLA, set the flaps to 10° and reduce power until the green segment is roughly half the spacing between the bent wings at 90 KIAS.  Place the top of the nose ring on the horizon and maintain the airport symbol inside the nose ring.  If the airport symbol is below the nose ring when the top of the nose ring is on the horizon, lower the nose and increase the rate of descent until the airport symbol moves up to just below the horizon, then return the top of the nose ring to the horizon.  If the airport symbol is above the center of the nose ring, raise the nose until it drops, then return the top of the nose ring to the horizon.  Use the runway centerline indicator to stay on the approach course centerline.
As the altitude reaches the minimum descent altitude (1440’), pause the simulator and check the simulator display to see your position relative to the runway.

ILS Localizer and Glide Slope Indicators

In OZ the ILS localizer indicator is a magenta vertical dashed line that moves from the far left to the far right of the OZ screen as the aircraft moves across the localizer course.  The OZ glideslope is a magenta horizontal dashed line that moves from top to bottom of the OZ screen as the aircraft moves up and down on the ILS glide slope.

If no ILS is tuned, neither the localizer nor the glide slope indicator will appear.  When an ILS is tuned and the localizer is inactive, the ILS Indicator appears at the edge of the OZ display window.  The glide slope indicator will only appear if the glide slope flag from the simulator is active.  The frequency of NAV1, shown in the top of the right segment of the persistent display region, shows the current NAV1 frequency.  Tune the KIXD ILS frequency (110.9) to explore the ILS RWY 36 approach to KIXD.

To fly the ILS approach, start the aircraft in a position roughly 5 NM SE of FRELS intersection on a heading of 309° at an altitude of 2700’ and 110 IAS.  Save this flight/situation for further ILS practice.  Tune the simulator NAV1 radio to 110.0 and the ILS localizer and GS indicators will appear.

Fly the approach by intercepting the ILS localizer near FRELS, then turning inbound and tracking the localizer inbound.   Although the ILS markers will not be displayed, JIKLA is collocated at the Outer Marker position and altitude.  Slow to 90 KIAS prior to reaching JIKLA.

When you reach JIKLA the glide slope should touch the horizon.  Set 10°  of flaps, reduce power and position the top of the nose ring on the horizon.  If the glide slope is above or below the horizon when the situation stabilizes, fly up or down until the glide slope is on the horizon, then return the top of the nose ring to the horizon.  Track localizer and glies slope and pause the simulation at the decision height (1266’).  Check your position on the simulator display.

Learning OZ

The above tutorial will only introduce you to OZ.  To learn OZ you will need to fly OZ.  You can always just start simulator and then OZ and fly using the OZ display.  Try taking off on OZ rather than the simulator display.  (Hint: add power, use rudder to stay on the runway and raise the nose as soon as the speed stick is comfortably above the stall speed on either bent wings or clean wing.)  Try climbing at Vy by holding the speed stick in the notch in the bent wings using nose attitude.  Try aerobatics.  (Remember, it’s only a virtual Cessna. You can’t hurt it or yourself, although the results may be … interesting.)  Fly VFR and compare the OZ display to what you see in the simulator outside view from the cockpit.  Fly ILS approaches at KTNT with different advanced weather settings (gusty winds, turbulence, winds that vary with altitude).  Experiment.

We would be very interested to hear your opinions.  Send an email to OZIsBetter@fly-esky.com telling us what you learn.  If you have problems, we would like to hear about those as well although we can’t promise a quick response to questions.  We will try to add FAQs to our web site as time permits.

We think that once you learn OZ you will find it, as we do, a big improvement over traditional instrumentation for IMC flight. 
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