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June 2005
I started this project to find a way to teach stunt judges to see the perspective of the maneuvers from various angles. I found an amazing piece of software on the internet, called Blender Publisher. It has the ability to draw 3-D graphics on the PC, and also has a game-engine included. As soon as I could get the basic animation system figured out, I realized that it would be wonderful to see the pattern being flown accurately to the rules. A simulation on a computer would of course, allow the user to view the pattern from any angle in real-time.
All was going well, and I read each rule carefully and stepped through each maneuver, frame by frame, but then I came to the squares, and soon realized that there are a few different understandings of exactly how the squares should be performed. I spoke to many experienced people all over the world, and found that there are indeed differences of opinion. The final shock came when I tried to draw the 4-Leaf clover on the sphere, and the rules description (old and new) simply does not work out. I have now drawn a version of the clover that fits the sphere, with equal-size 42-degree arc loops. The horizontal and vertical joining lines are parts of great circle paths, and the requirements of tangency are met. Please note that the horizontal joining line is not parallel to the ground. The landing is also now included, and a good way to view this, is to add the sphere (F-11), and then watch the 5 ft. (1.5 metre) height level.
How it works
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Fig.1
Everything in 3-D graphics starts out as a wire-frame drawing. I draw a scale 70 ft. radius hemisphere, and then a model that rotates from the centre in all three axes. This is shown in fig. 1. I then accurately draw the maneuver shape in place on the sphere. The picture shows the loop in place, and also 2 of the 5 ft. radius circles for the corners of the square maneuvers. By rotating each axis, I animate the path of the model over the shape, frame by frame. This is a slow process, but I am sure that you will agree that the end result is worth the effort. When it is completed, it will have around 10 000 frames.
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Fig.2
Fig.2 shows a view from inside the sphere, and you can see the 3 axes of the model clearly. You may find it interesting to see that the sides of the loop are wider than the 45 degree longitude lines on the sphere. If we rotate the loop down, so that the extremities of the loop are in line with the base of the sphere, it would indeed be 45 degrees in width, or 1/8th of the circle circumference. I noticed this when our club decided to practice with the markers as suggested in the new rules. If you try to fly the horizontal figure eights, so that each side just touches a line down to the markers, it makes the height too small. Everyone said that all you need to do is to draw vertical lines down to the markers, and the loop size should fit. Boo-boo! It does not fit. To illustrate this, I have included markers on the sim (key F-12) that are quite high, so that you do not have to guess whether I am correct or not. I placed them on the flying line of the model, and by pressing the “M” key, you can toggle them back and forth to a point outside the circle. Figure 3 shows a view of the markers from a point above the circle.
I originally only had one camera that I call a “follow-cam.” This is programmed to follow the model continuously from a single judge’s viewpoint directly upwind. I noticed that the majority of PC games and simulations use this system, because it makes processing of the graphics much faster. When I tried fixing the view, the motion became very jerky. With the newer 3-D graphics cards, this has improved to the point where it is now possible to use fixed views. I have added a “lock” feature to the follow-cam, and this works by simply holding down the “X” key. By using the arrow keys, and the “Page-up” and “Page-down” keys, you can move around the virtual world. A complete list of the key functions is at the end of this document. Pressing the “Home” key, returns the follow-cam to its original position of an ideal judges sitting position, that is around 2.5 ft. above the ground. The follow-cam is useful, because the PC screen is limited in its view, unlike the real thing. It would be fun to have a virtual reality helmet! Pressing key “1” (not the number pad keys), takes the view inside the circle to a pilots view. This is most useful to illustrate the width of the loops and eights in relation to the markers. Key “2” shows a view from a point 90 degrees around the right hand side of the circle.
I have added another “non-follow” or fixed camera. Pressing key “3” switches to this camera that is positioned further back to show the full width of the flight path. Key “4” places this camera up in line with the 45 degree height of the sphere. This is useful to show how the perspective of the shapes change. I have now added a viewpoint closer to the circle to show the perspective of the vertical maneuvers a little better. This is accessed by key “5.” Of course the camera is still able to move around by using the keys as per the follow-cam. I made the camera track a centre point in the hemisphere, to make it easier to move around. You will also notice 5 grey stripes on the edge of the circle. The angular spacing is 1/6th , and they add up to a total angle of 1/8 of the circle each way from the centre point. This total of a ¼ circle, is like the amount that the judges are allowed to move around. There are two extra keys “A” and “Z”, that move the camera up and down without tracking the centre of the sphere. If you move far away from the original points, then simply press any of the camera keys again to return to the pre-set position.
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Fig.3

Fig.3 shows the view from high up of the circle with the marker poles. You will see that I added an additional two markers in between the suggested spacing of 1/8th of the circle. This is to show the width of the single maneuvers. Also in this picture, you will see an actual horizontal eight drawing, as well as a circle at 45 degrees in height. I call this the “45 degree halo.” (This is larger than the halo worn by our champions!)
Adding “pop-up” maneuvers for all of the shapes, takes this simulation from a “cute thing to watch”, into a really useful training tools for judges and also pilots. All of the maneuver shapes can be accessed by the various function keys, including a basic hemisphere. The shapes can be deleted by pressing the “Delete” key. The markers will remain in place, and can be removed by pressing “right-shift + M”.

You may find it most interesting to see just how the shapes appear from the various angles, and this certainly puts some arguments to rest on how the shapes are supposed to look from the judge’s point of view. I have added an article on the basics of the stunt hemisphere to this manual. This explains basic spherical geometry, in very simple terms, and shows how it all applies to our stunt pattern. Enjoy the sim!

Keith Renecle
South Africa

Tel. +27 11 477 9081

E-mail: krenecle@netactive.co.za
Notes:
There are still a few glitches that I need to sort out, like the flashes at the top of the vertical eight and hourglass. Some of the motion is also a bit jerky, and the scenery and model graphics, are very basic. These things will improve soon. Who knows, maybe we can all come up with a better definition of the clover soon. I have now decided to complete the sim with a clover that fits more of the rule requirements than any other description. 
See my article entitled “4- Leaf Clover – The Full Monty” and also the Clover-Sim, on Igor Burger’s website if you need more info on the problems in the clover.

The terrain graphics are slightly better now in this version. I added a few more “lumps and bumps” here and there. I have not drawn a pilot, lines or shadows from the model. The idea was to keep the actual view of the maneuver shapes, as “un-cluttered” as possible. Another thing that I have changed, is that I have removed the 45-degree halo from the hemisphere. It makes the hemisphere easier to see, and the halo is simply added by pushing the “F10” key. 
To run the program, simply copy the file to some convenient folder on your PC. It is an “exe” file, so simply double click on it, and it should run. The opening scene will demo the pattern over and over. Pressing any key, will go to the default view from the follow-cam. The opening scene also has a yellow circle as part of the title. This helps to see if your PC screen’s perspective is set-up correctly to show round circles. If you press the “Spacebar” the sim will run through the pattern. You can press the maneuver keys during this process, but the sim will jump back to the running program when it has completed the maneuver. Pressing “Esc” will exit the program.
You will need a fairly recent PC to run this program. Most modern PC’s come with an advanced graphics processor (AGP), or you can add a good 3-D accelerator card. If the frame rate is very slow or jerky, then this is an indication that your PC does not have an AGP system. The software is called Blender 3D, and uses the Open GL system. This is an incredible free-ware product, and is available at www.blender3d.org.
The key functions are on the next page. It’s a good idea to print the pages when you use the sim. Please note that I have changed the “C” key for the follow-cam hold, to the activation key for the 4-Leaf clover. The “X” key is now used for the camera hold. The “E” (for END) is the short-cut key for the landing. (I’m running out of logical keys to use!)
CL Sim Key functions




   
	KEY
	FUNCTION

	Spacebar
	Start pattern from take-off to end

	Esc/End
	Exit program

	X
	Camera hold (Keep pressed to lock camera)

	W
	Reverse wingover

	L
	Inside loops

	O
	Outside loops

	S
	Inside squares

	Q
	Outside squares

	T
	Triangles

	8
	Horizontal eights

	Right Shift+8
	Square eights

	V
	Vertical eights

	Right Ctrl+8
	Overhead eights

	H
	Hourglass

	C
	4-Leaf clover

	E
	Landing

	View Keys
	

	Home
	Reset to default view from optimum judges position

	1
	Pilot’s view

	2
	Side view

	3
	Fixed camera i.e. Non-follow camera

	4
	Fixed camera, but located up in line with 45 degree halo

	5
	Fixed camera, located closer to circle

	Follow-cam controls
	

	Arrow keys
	Move camera viewpoint forward, back, right, left

	Page Up
	Move camera upwards

	Page Down
	Move camera downwards

	Fixed camera controls
	(Note: This camera rotates around the centre of the circle)

	Arrow keys
	Move camera viewpoint forward, back, right, left

	Page Up
	Move camera upwards

	Page Down
	Move camera downwards

	A
	Shifts centre follow point UP without tracking the centre point

	Z
	Shifts centre follow point DOWN, as above

	Image Keys
	

	Loops
	F1

	Squares
	F2

	Triangle
	F3 

	Horizontal eight
	F4

	Square eight
	F5

	Vertical eight
	F6

	Hourglass
	F7 

	Overhead eight
	F8

	4-Leaf clover
	F9

	45-degree halo
	F10

	Hemisphere
	F11

	Marker poles
	F12

	Clear maneuver shapes
	Delete key (all except markers)

	Move markers in/out
	M key (toggles position from on the flight line to 20 ft. back)

	Clear marker poles
	Shift + M key


Basic principles of the Stunt Hemisphere
Judging control-line aerobatics is a really challenging, and most interesting task. A judge needs to develop a keen sense of perspective of 3-D shapes. It would be nice if the model would leave a traceable path in the sky, but it can’t, so it is therefore necessary for judges to have a good understanding of exactly what the shapes should look like from virtually any angle. This sounds like an impossible task, when you consider all possible angles, but you will soon see that all it takes is to understand the principles involved, and then the task is simplified. Just take everything one step at a time, and you will see how everything falls into place. There are only a few basic rules to learn and understand, so here goes…………!
1. How are shapes made up?
Any shape that we draw can be described, in simple terms, as a series of curves and straight lines. Two-dimensional (2-D) drawings are those that are drawn without depth. The two dimensions refer to the vertical and horizontal axes. The standard letters used for these two axes are x and y. In geometry, drawing shapes on a flat surface is called “plane” geometry. There are indeed many different mathematical shapes, but to keep things simple, I will stick to shapes that are comprised of straight lines and curves. The “named” objects will be basic shapes like circles and polygons. The polygon is basically a closed shape with more than one side. In plane geometry, the polygon will have at least three sides. The straight line is simply the shortest distance between two points. 
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Straight lines & Curves
2-D drawing objects cannot be rotated and viewed from any angle, simply because of only having the two dimensions, and are therefore “flat.” If we add depth to the object in our drawing, then we enter into the fascinating world of three-dimensional (3-D) drawings. Now our axes are x, y, and z. The 3-D object can be rotated and viewed from any angle. If you think of the models in this simulation, or any 3-D video game, they are all 3-D objects, and therefore can be scaled up or down, moved around, and viewed from any particular angle.
[image: image5.wmf]Y-axis

Y-axis

X-axis

Z

-

a

x

i

s

X

-

a

x

i

s


Our control-line models, are tethered objects, and rotate around the pilot, so the path of the model will always be circular. The radius of the circle is set by the length of the lines, plus the length of the pilot’s arm. It is more accurate to refer to the flight path as “spherical” than circular, because if the model flew all possible angles, and we stuck them all together, we would have a sphere. If we could fly inside a giant ball, or sphere, so that the wingtip of our airplane could just touch the inside of the surface, and we stuck a pen on this wingtip, we could draw the maneuver shapes onto the surface. We fly in a little more than half of the sphere, hence the term “hemisphere.” The “little more” that I mention, is the extra bit from level flight height, to the ground. The type of geometry that we are discussing now, is called spherical geometry, and we are only interested in the surface of the sphere for our needs. The inside volume of the sphere has no interest to us at this stage, unless, of course, the models lines become slack. In this case, the vocabulary used, is difficult to define in rational terms!
The pilot’s view of the maneuver shapes from the inside of the sphere, is two-dimensional, because the airplane is rotating around the pilot, at a fixed distance. We could also say that the surface of the sphere, to the pilot, is almost like a continuous flat plane. I use the word “almost” with caution, because the surface is NOT a flat plane. It is still a curved surface that is curved in both directions. If we flew around in a tube, the surface would be curved in only one direction, and this is closer to the flat surface analogy. Please take some time to understand this point well, as it is the key to understanding spherical shapes.

There are absolute mathematical rules for shapes on the surface of spheres, so we don’t even have to invent new ones. The rules that we need to understand, are very basic rules, and you do not need to be a “rocket-scientist” to understand them. In fact, you don’t even have to understand mathematics too well either! I will refer back to plane, or flat surface geometry regularly, so that you see the differences. Here are the basic principles:
1. All lines on the sphere surface are circles.
The flight path of our C/L models can only be circular, so it makes perfect sense to believe that all of our maneuver shapes will be formed by some kind of circle. This is a very important principle to remember. Circles belong to the sphere. They are “family!” Round loops in our pattern are just circles, and they fit the surface of our sphere perfectly. There are two different types of circles on the sphere surface that we need to get to know and understand. The great circle and the minor circle. The minor circle is also referred to sometimes as the small circle. These terms are used mainly in global navigation, but please don’t let these technical terms scare you. They are easy to understand.
Great circle paths:

The great circle is simply the widest circle that will fit the sphere. If you took a flat plane as a knife, and cut the sphere in a straight line right through the geometric centre, you will have two identical halves. The edge of this “cut-line” is a great circle path. This is shown clearly in Fig.1 on the left. 
Minor circle paths:

Anytime you slice the sphere, and miss the centre, then the circle that is formed will be smaller, and is called a minor circle. This is shown in Fig.1 on the right. So there we have it. There are only two paths for shapes on a sphere’s surface. Great and minor circle paths.
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Fig.1

2. There are NO straight lines on the surface of a sphere
(It will be very useful, if you have a ball for this next section) 
If we take a straight pole, tube, or stick, and try to fit this anywhere on the surface of a sphere, you will soon understand that it simply does not fit anywhere. On a flat surface, a straight line is defined as the shortest distance between two points. There is however, an equivalent of a straight line on a spherical surface. It is also the shortest distance between two points. Take a ball, and draw two dots on it that are a reasonable distance apart. Now take a piece of string, and pull the string tight between the two points. This is the accepted “straight line” in spherical geometry, because of the shortest distance principle. (Fig.2) If you continued with the string line in the same direction, going right around the ball, until you arrive back at the first point, you would have followed a great circle path. In other words, the “straight line” on our sphere’s surface is on a great circle path. Minor circle paths are NEVER the shortest distance between two points, and are therefore not used as an acceptable straight line path in spherical geometry.
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Fig.2

If we look at how the earth, or globe is mapped, the horizontal and vertical lines are called “Latitude” and “Longitude” lines, respectively. The longitude lines are all great circles, and the latitude lines are minor circles, except for one. Which one? The equator is the only line of latitude that is also a great circle, simply because it is at the widest point of our sphere. This is illustrated in Fig. 3.
We don’t need to understand global navigation, or cartography, although learning about these subjects will help to understand the definitions of spherical shapes. I continue to admire the early map-makers that figured out how to map the surface of our globe without being able to fly and actually see the shapes. The ancient Greeks, like Archimedes, figured out the basic principles of spherical geometry. Projecting these global shapes of all of the countries onto a flat map is a rather complex business, and fortunately we do not need to know these principles here.
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Fig. 3
If we could fly inside a sphere that was just the right size so that the outer wing of our model could slice through the surface, we would be able to “cut-out” the exact shapes of our maneuvers. Flying around any great circle path, would cut us a neat flat disk. Another way to describe the great circle path of a C/L model, is a path in any direction, with no heading change. In other words, if you start out in a particular direction, and follow a straight line on the sphere’s surface, you will end up in exactly the same spot. What happens when we fly the path of a minor circle? Have a look at Fig.4
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Fig.4
Our model with its lines from the centre of the sphere, flying around at a constant elevation angle, has sliced out a cone. The pilot would simply be performing an overhead loop as shown in our drawing. Any loop of a given size, will form a cone. It can be performed anywhere on the sphere, and it will always look the same, from the centre of the sphere. So there we have another basic principle.
3. Flying a minor circle path with C/L models forms a cone shape.
The most basic maneuver that sets the foundation for a large part of our stunt pattern, is the loop. The rules require that the bottom of the loop starts at level flight, or 5ft., and must be round with the top at 45 degrees. In other words, this is a cone with an arc of 45 degrees. Most judges will tell you that there are very few pilots that can perform good round loops that are the correct size, so flying and judging correct loop shapes is in fact a big part of understanding the stunt pattern. In fig.5, I have drawn two 45 degree loops to show how they fit the sphere. Please note that it does not matter where you place the loops, they always fit perfectly on the surface of our sphere.
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Fig.5
Here’s the neat part! Place two of these 45 degree loops together side by side, and you have the horizontal eight. Place one on top of another, and you have the vertical eight. Fig. 6 illustrates this.
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Fig.6
Now, what about the maneuvers with the straight sides, like the squares and triangles? Well, now that we have established some basic rules, it should be fairly straightforward to work this out. Let’s look at the triangle first. The FAI rules call for equal length “straight” sides that are joined together with 5 ft. radius corners. The sides are therefore parts of great circles, and the corners parts of minor circles. Fig.7 shows this clearly. The hourglass by the way, uses similar lines, but extends them. It is almost like two triangles, one on top of the other. There is a subtle difference in the hourglass that causes the angle of the sides to be slightly different to the triangle. See if you can spot this.
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Fig.7
The basic difference is that the triangle has the top turn at 45 degrees elevation, so therefore the angles of the sides, in relation to the bottom, have to allow for this turn radius. The turn radius of 5 ft. (1.5 metres) is specified in the rules, but we are all aware of the fact that our present models turn much wider that this, so these angles of the sides will be considerably wider than those of the hourglass. Fig.8 shows this, and please be aware that because we fly much wider radius corners than 5 foot, this difference in the side angles, will be even greater than the drawing shows.
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Fig.8

These angles are not easy for the judges to see, so the critical points to look for in the triangles, will be equal angles, and equal length sides. The FAI rules also state categorically, that shaper turns should be scored highest. Wide radius corners may look smoother, but they do not define the shape as well as an accurate sharp turn. The basic principle behind this, is that the wide radius corners do not leave much space for the straight lines, so the manoeuvre will look more like a series of curves. Being aware of these finer details will increase our understanding of the perspective views of each maneuver.
Those were the easy ones! Now let’s have a look at the square maneuvers. Basically, a true square cannot be drawn on the surface of a sphere. By this, I mean a square with sides that are equal in length, opposite sides parallel, and four equal angles, as we would draw it on a flat piece of paper. There are a number of ways to draw “square-shaped” maneuvers on spheres, and indeed, since the early days of stunt, there have been various shapes that have been tried. 

The FAI definition of the square loops has the side’s vertical to the base of the hemisphere, and the tops parallel to the ground. The present AMA rules, call for squares with equal length sides. The FAI rules make more sense (to me at least), because just like the round loops can be combined to form horizontal eights, you can combine two FAI squares to form the square horizontal eights. This certainly simplifies things for both pilots and judges. Fig.9 shows the square on the left, and a combination to form a square eight on the right. I’ve left out the 5 ft. corners for clarity. I reality, the tops of the square maneuvers are flown as “straight lines” (great circle paths), and not as “parallel to the ground.” This is most likely due to the radius of the corners being much greater than the rule-book 5 ft. The tops are therefore just too quick for the pilot to follow the curve of  “parallel to the ground.” I have videos of the best fliers in the world, and NOBODY flies this line to the rules. They all fly this as a straight line.
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Fig.9
If you look carefully, you will see that the bottoms and sides are great circle paths, and the tops are minor circles, because they are parallel to the ground. I have seen many articles written about how to perform squares that look like proper squares to the judges. I have not personally ever seen any rules that state this, but I know that there are many judges and fliers that still believe that this is the right way. Performing a “square” loop on a sphere that actually looks like a square from a point outside the sphere, is indeed possible, but it is very difficult, and then if the viewing position was shifted, it would no longer look square. This if course, would cause plenty of problems with the system of five judges that is presently in use. Which one of the five judges do you try to impress? The pilot would have a tough time trying to spot which judge is standing directly in the right spot. The FAI square loop has a top that is considerably shorter than the bottom, but it makes more sense because the vertical legs are truly vertical to the base of the sphere. 

So there you have the basic principles, and how to apply them. Round loops make up the biggest portion of the stunt pattern, and the other shapes are simply combinations of  the spherical equivalent of straight lines, and curves. Now we can go on to how these shapes appear from various points of view.

Seeing everything in perspective
This sounds like the “story of life!” Now we have arrived in the area that has most of the misconceptions about how our stunts are supposed to look. If you have played around with technical drawings and 3-D graphics, you will be aware of the various views that are used. Plan, isometric, orthographic views etc., are all used depending on the particular application. When we refer to the pilot’s view, or the judge’s view in our stunt flying, we are talking about a perspective view from a specific point. We have two eyes, but in relation to the size of a 140 foot diameter sphere, our eyes are only around 2.5 inches apart, and can therefore be considered as a single point. (Yes, I do know that some people’s eyes are a lot closer together!)  Drawing perspective views of three-dimensional objects onto a flat, or two-dimensional surface, is rather complex and time-consuming, so I prefer to use the PC to do this. Just by the way, all the views in the simulation, are perspective views. The basic principle is that light travels in straight lines, and objects, or parts of objects that are closer to you, will appear much bigger. The closer that you are to the object, the greater the perspective of size will become. For judges, it is imperative that they understand this point well. It is also a most interesting thing to learn. If you are like me, and like knowing how things work, then I hope that I can explain the basics of this complex subject to you in simple terms. So here goes…..
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Fig.10

In fig.10, you will see three views of the same extended cube, sort of like a high-rise building.  The view on the left is like an isometric view in a technical drawing, where the sides are all parallel, and the top and bottom have the same size. The middle view shows a perspective view from a similar distance, and you can see the difference in perspective already. The sides widen out to a bigger top, because the viewpoint is from a point higher than the top, and still further from the bottom. The view on the right, shows that we have moved the viewpoint much closer to the top of the cube. Now you can see just how much change there is when you view an object from close up. If you fly over a big city, low down, you can see this effect clearly when you fly over the high-rise buildings.

Now, our judges sit pretty close to the stunt circle, so maybe now you can understand and appreciate just how difficult it is to be a good judge.  I’m sure that all of us stunt people have watched a stunt pattern from the downwind side of the circle. Have you noticed how weird the maneuvers look, especially the “straight-side” stunts? Take a walk around the circle while someone is flying the pattern, and see how everything changes perspective from the different angles. Sounds like judging is an impossible job, doesn’t it? Well take heart! It’s not so difficult once you have a good understanding of the basic principles. It’s just like everything else, with a good understanding and lots of practice, it is not difficult at all, and to top it all, it is really incredibly interesting. I’m not one of those that advocate the idea that judging is a boring, thankless job. It is an essential part of our sport, and when I train judges, I always try to make it is interesting as possible.

Fig.11 shows a view system that is used in many judges training manuals that I have seen through the years. The so-called “judge’s view” on the left is derived from projecting parallel lines across from the side view. This is called an “Orthographic” view. I’ve used the vertical eight here because the vertical maneuvers go right up to the apex of the hemisphere and exaggerate the perspective problem. Notice how small the top loop looks in relation to the lower loop. Just remember that the lower loop of the vertical eight is exactly the same as the normal inside, or outside loops. Look at the size of this loop in relation to the overall size of the sphere. What do you reckon? About 70% of the height? The pilot sees both loops the same size, and the judges are not that far from the centre, so there is obviously a problem with this view if it is to be put forward as the judge’s view.
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Fig.11
If you had a 70 ft. diameter eye, you could most likely view this as shown in fig.11, but unfortunately, we don’t, so we need to be careful not to fall into this trap. If the judges were to look from the centre of the circle, they would see exactly the same as the pilot. Now, and here is the key to this whole discussion, move the judges viewpoint slowly outwards until you stop at the normal judging position just outside the circle. If you project the views onto a flat plane as you move, you will project exactly what a judge can expect to see at each point.
The principles of projecting a perspective view are a little more complex than our drawing in fig.11. Don’t let your eyes get boggled by all the lines in Fig.12. Just take it one line at a time.
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Fig.12
The side view on the left, shows the single viewpoint and lines to the vertical eight side view. If you take a flat plane that is perpendicular to the line to the centre of the eight, and project lines all around the shape onto this plane, you will get the correct perspective view. I’ve drawn views of the vertical eight on two respective planes (inside and outside the hemisphere) to show that the plane can be placed anywhere on this centre line. You could in fact, fix a pane of glass or clear plastic in front of your eyes on this line, and trace the shape of the vertical eight with a felt marker pen, in real time. Of course, the glass must be firmly fixed so that it won’t move, and you will have to draw fairly well to follow the model. Charles Mackey used a similar system 40 years ago in his “Stunt Judging machine.” The article in a 1963 Model Airplane News shows how Mr. Mackey drew the maneuver shapes onto glass for the judges to hold up in the line of view, and then to compare the shape to the actual maneuver. The clever method used to draw the perspective shapes, was to project a pin-point of light from the judges viewpoint through a wire-frame hemisphere with wire maneuver shapes tacked onto it. This was all projected onto a wall with a piece of paper on it, and then simply traced. Have a look at fig.13 where I have generated the Mackey system with my 3-D software. I left out shadows for the wire hemisphere parts to show the projected shape a little better. We are really spoilt today with PC graphics! Does the projection look like the vertical eight in fig.12?
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Fig.13
It is interesting to note that the “high point” marked on the drawing in fig.12, will appear higher than the apex of the sphere. If you observe the model entering a wing-over, or overhead eight, then it will appear as if it is flying “down” to the top of the sphere. It sounds crazy, but you can see how it works from the drawing. The line drawn to the “high point”, is higher that the line drawn to the top of the sphere. Next time you watch the pattern being flown, have a look and you will see this illusion for yourself.

The round maneuvers with the tops at 45 degrees do not suffer as much from this distortion. The loops are indeed tilted slightly towards the judges, but because of the line drawn from the top of the loop down to the single viewpoint, it only makes a small difference in how the perspective size looks, until of course, the tilt angle is greatly increased. All of the vertical maneuvers will look totally different from the projected plan (orthogonal or orthographic) view of fig.11. I’ve drawn some of them in fig.14 for you to see the difference.
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Fig.14
It makes a big difference doesn’t it? You will find that once you understand this principle well, then it’s not that difficult to work out how any of the shapes look from any angle. The important thing to remember when observing the pattern from outside the circle, is that every path that the model draws in the sky, will be a part of a circle. A good thing to do is to practice looking at circles from all angles. Look at things around you in general. Round stop signs at the side of the road, CD’s, the openings of the glasses, and mugs that you drink out of. You’ll soon start seeing everything in a different “perspective!”

Now for the “sensitive” part! How do things look from the pilot’s perspective? From my many e-mails to a large percentage of the stunt community all over the planet, I have found that there are some rather strong viewpoints of what the pilot actually sees. The newer FAI rules describe all the maneuvers from the pilot’s view, so I think that it is relevant to clear up this point. Rather than get into more heated debates over what every pilot can or can’t see, I would rather stick to the basic principles of the sphere. No matter how we think we see the shapes, and how we draw them in the rules, we must remember that they are inter-related. We must balance the books properly! We should be able to match the 2-D with the 3-D views, and also the judge’s view with the pilot’s view, when everything is brought back to the sphere and its basic principles. 

The so-called “pilot’s view” is in fact, a bit misleading, because it can be changed by the position that the pilot holds the control handle when flying. I would prefer to state that this view should be termed as nothing more than a perspective projection from the geometric centre of our flying hemisphere. As we have previously stated, the viewpoint is at the same basic distance from the sphere surface, because of the length of the lines. Let us go back to the “circle family” and use our round loop as an example. The round loop belongs to the sphere, and fits the surface perfectly in any position that the pilot desires to place them. The pilot sees any round loop as exactly that, in any position. The curved path is simply that of a minor circle. If you fly a 90 degree arc loop directly in front of you, or you fly it directly overhead, will it look different? How can it look different, if it is exactly the same loop? Just remember that flying around parallel to the ground at 45 degrees, is the same as flying a 90 degree arc loop directly overhead. Sooooo………if you believe that flying parallel to the ground is a straight line flight path to the pilot, then I am afraid that you are disagreeing with the rules of spheres. If you don’t believe me, then just ask the local stunt champ that has been winning for a few years. They know that this point is absolutely 100% true. Why is this? Simply because they just have to look upwards at their halo, and see this curve all the time! Jokes aside, this is one of the misconceptions that regularly pops up, and causes many of the problems when we try to train judges from these 2-D drawings. We could debate this point at great length, because it is fairly obvious that some pilots see things differently to others. That is also one of the reasons why some pilots can fly the pattern better than others. The pilot has to “see” shapes in the sky that are not even there, and then translate this shape in their minds, into hand movements that will trace this particular shape. Take the theory of your particular belief, and test it against the sphere, and then test each viewpoint the same way. Draw it in 2-D, wrap it around a sphere, and then test the perspective from inside and outside the sphere. All the views should agree, and balance out against the basic principles of spheres.

I hope that this part of the manual will help the readers to understand some of the interesting basics of the stunt hemisphere, and find it useful in your training programs. I feel that we are indeed spoilt these days with modern computer graphics, and that we should put this to good use to improve the training of our judges. In conclusion, I would like to express my sincere and grateful thanks to the following people. Keith Trostle, for his incredible patience in answering my many e-mails over the last few years. Pete Soule, for his mathematical work done on our stunt maneuvers, and for explaining these principles in ways that even I could understand. Ted Fancher for his amazing ability to explain all concepts of stunt so simply. Igor Burger, for his technical help, but mostly for his continued support in developing some of my graphic work and simulations. Claus Maikis for his help with putting graphic shapes into perspective. Andy Sweetland and Peter Germann for their dedication and work in trying to improve the F2B rules. There were many others, and thanks to all of you for your help, and I hope that you the reader will find this information useful and informative.

