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Forward and Overview:

The purpose of this document is to provide an insight into design processes, techniques and methodologies used
to create the racetrack “Ring of Fire” (also referred to as RoF) for the online multiplayer racing game Slipstream.
This document includes excerpts from numerous other documents such as university submitted reports the
Physics Manual. Some details and metrics have been omitted or altered to respect to the IP holders, but still
represent their purpose and evaluation.

Slipstream is a competitive online racing game, featuring arcade physics, a distinct visual style and a trail-based
boosting mechanic. Players drive vehicles around racetracks, while collecting elemental pickups. These cause
the player’s vehicle to emit a trail of that element (either fire, earth or water), as well as assigning it that
element. Following players can use their element to gain a boost over the trails if they have an advantageous
element (Fire over Grass, Water over Fire, etc). This boost vastly increases speed, as well as filling up a
rechargeable boost bar (which can be used on demand). If a player manages to completely fill up their boost bar,
they are able to deploy a fourth element (Storm), which allows them to boost on every element at the cost of
completely depleting their boost bar.
The result of this mechanic was that following players would be able to react to the leader’s choice, and boost on
the trail to catch up. This meant that, in theory at least, the main gameplay mechanic acted as a strong ‘rubber
band’ mechanism, helping to keep players in proximity and the race results very close.
Racing games (and racing in general) can be described and somewhat objectively evaluated based on the
unpredictability and excitement of the racing. This means that interest is held for the duration of the event, and
that the activity in itself succeeds in its purpose as entertainment. The key to reaching that goal is the careful
application of metrics to quantifiably determine the effectiveness of mechanics, designs and regulations. These
metrics include overtaking (per vehicle per unit of distance) and intensity (as a percentage of ideal intensity,
regarding aspects such as time performing actions, and proximity to other vehicles, track barriers and other
obstacles). High scores in these criteria result in increased action, competitiveness, leading to unpredictability
and excitement.
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Origins of Concepts, Limitations and Expectations

The original concept for RoF was for a much earlier vision of the racing game which became slipstream; an oval
set on the side of a hill, with the inside barrier set at the same height as the outside barrier. Over the next
several weeks, the concept for Slipstream really emerged and as track development proceeded, it became clear
that this oval design, which would have been much too dangerous, difficult and impractical for a more realistic
game, could be made to exploit the best of Slipstream’s mechanics through the use of physics.

In reality, such a track would never be built; currently oval racing (NASCAR, Indy Car, etc) use large ovals with
reasonably low inward banking on an otherwise flat surface. The level barrier idea I proposed would mean that
the top of the track is a very high-speed crest or even jump, offering no cornering advantage to conventional
racing cars (as it appears to be an outwards-banking corner from the vehicle’s standpoint) and posing significant
danger to both contenders and spectators. In addition, compound banking (the idea of variable tilting in the road
from one side to another) is generally considered impractical; in the event of debris or rain, it would collect at the
lowest point and form puddles or streams. However, the reduced limitations imposed by creating in a virtual
setting using tailor-made physics solutions meant that such an idea was possible.

A direct outside source of inspiration came from slot-car racing. While the vehicles are limited to their individual
track, it proved an invaluable resource when it came to evaluating the movement between player vehicles across
the width of the racetrack, the importance and possibility of using the track itself to direct the flow of the race.
By their nature, an inside and outside line will result in different speeds throughout the track, and learning from
the slot-car tracks when to emphasize this difference and when to reverse it resulted in close racing and
overtaking on a level that players did not need to be entirely aware of.
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Origins of Concepts, Limitations and Expectations

This lead to further experiments on what, exactly, the player needed to consider when racing. Something that
seems simple to the player, but operates at a much more complex level beyond their understanding can be
useful; if the effects they do not comprehend can be used effectively for a purpose. In this case, I attempted to
use the forces applied by physics to move players across the track, much like a slot-car track.

The final concept to test involved using advanced strategy to completely reverse and then enhance the rubberband mechanic imposed by the core game mechanic. Instead of trying to support an car that falls behind by
speeding it up or charging it’s boost bar, I tried to give the cars an easier time when trying to get ahead, at the
cost of any and all tactical advantage. This served the double purpose of raising the skill ceiling considerably over
more conventional track designs, especially for those with strong tactical methods, while simultaneously
ensuring that no player is able to get too far ahead and break away from the pack.
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Physics; Vertical Forces

The dramatic rises and falls of RoF give rise to several new events and mechanics, as well as acting as a very
effective vision blocker and perspective altering style. Throughout the track, player is always sure where the
track is ahead, even if it is not visible, because of the way the road surface curves towards one corner of the
screen. A simple bonus to this is also that the track always starts facing downhill, helping to bring the vehicles up
to speed faster than they would if the surface were flat.

At the lowest point of the track, the highest vertical load is placed through the vehicle’s suspension. As the track
curves upwards, the centripetal force exerted by the cars mass at a high velocity forces the tyres into contact
with the road much more effectively. Combined with the balanced weight distribution and aggressive front
suspension setup, the vehicle becomes much more stable and responsive, and therefore predictable.
This is of particular importance because of the banking and gradient changes that are much more severe at that
part of the track, and the players are more likely to converge onto the inside portion instead of using the full
width. The result is closer, better racing at the lower parts of the track; players feel more confident in ‘their’
abilities, and as such are more aggressive in their driving.

When the players reach the highest parts of the track, the downwards dip over the crest acts to reduce loads
placed through the suspension. As a result, the vehicle will feel lighter and harder to control, but much smoother
as the digital controls of the keyboard are reduced in severity due to the lack of grip.
It also serves as an indicator of player vehicle speed; at boosting speed the centripetal force acting against gravity
as the car rises over the crest is large enough to lift the vehicle either partially of wholly off the road for a brief
period of time. In the event of a take-off, the torque of the wheels against the track surface is enough to cause
the vehicle to assume a mild nose-up attitude with usually the outside rear wheel still in contact with the ground,
which is very beneficial for stability. A full or partial takeoff both serve as a very effective key to players that they
are performing exceedingly well, maintaining a high speed over a steep uphill section, and rewarding them with
positive feedback.
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Physics; Vertical Forces

Another use of the elevation changes is as a form of control for relative boosting strength. Engine output is
enough for the cars to reach a set top speed, and while boosting, the increase in power enables a significantly
higher top speed to be reached, and at a much quicker rate of acceleration. The respective baseline
performances of normal (green) and boosting (orange) are shown in the following graphs.

Travelling uphill, however, significantly hampers the performance of vehicles that aren’t boosting, while those
that are boosting suffer negligible performance loss due to the immense power increase. In these situations, the
relative strength of boosting is vastly increased, and boosting can become much more important than track
position.

While racing downhill, there is a noticeable boost to normal performance due to the gains associated with
working with gravity. Again, because of the strength of the boost, there are negligible changes to performance
when the vehicle is boosting.

It should be noted, however, that while the un-boosting engine was unable to reach the higher, boosted, top
speed, it provided enough power to effectively maintain that speed in a straight line for a short period, or
maintain it for an extended period while travelling downhill. Most lateral forces had a negative effect on this; all
but the smoothest cornering while travelling downhill would cause the speed to drop, and any cornering while
driving on a level surface would also result in a decrease in speed.
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Physics; Horizontal Forces

In addition to the effects of elevation changes, the use of variable compound banking throughout the track was
effective in helping to maintain close, competitive racing. Historically, banking has tended to consist of a linear
gradient along a single axis. Assuming that corner speed is consistent at both the top and bottom of the corner,
the increased centripetal force when racing towards the bottom (smaller corner radius) would overwhelm the
effects of the banking and force the vehicle upwards. The opposite is true when the vehicle is driving at the top
of the banking; gravity combined with a much larger corner radius would pull the vehicle downwards. The result
was that, for any one velocity (and assuming the vehicle was steering to maintain a stable course through the
corner), there is a single appropriate banking angle (shown, left). The counterpoint to that is, that for any given
radius using banked corners, even minute changes in speed will very effectively separate vehicles, slower ones to
the inside (oversteer) and faster vehicles will understeer toward the outside of the corner (shown, right).

However, due to that same principle, the line through the corner at which the banking is most efficient forms an
exponential curve; as velocity increases and/or radius decreases, the banking must become far steeper. While
that may be effective for extremely short tracks at low to medium speeds, for larger tracks raced at high or very
high speeds (over 100m/s) the banking must be inverted so that the vehicles can remain close to each other.

The resulting exponential banking was then altered to include a track position bias. Like the grooves in a slot-car
track, these changes induced a force on the vehicles across their position on the track based on their speed by
tightening the banking curve in some areas and flattening it in others. As a consequence, vehicles at different
speeds could be subtly pushed from side to side; at the lower points on the track this was used to compress the
field horizontally, while at the higher points it was used less, to spread them out by reducing the relative
centripetal force for the faster cars.
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Physics; Combined Forces

With both the vertical and horizontal forces taken into account, their combined
effect is significantly powerful; sometimes enough to push a vehicle into driving
on vertical surfaces for the entire length of the track.
These forces can are represented below as force vectors perpendicular to
reference planes one through six. Vector magnitude has been set based on an
average ‘fast’ lap with vehicle velocity varying between 85m/s and 110m/s (at
the highest and lowest areas respectively). Consider that slower or
consistently faster speeds will change the forces, the change will not be
excessively large and would fall within approximately 75% of the magnitude of
the vector.
Strategically this proved to be a very successful way to control how the race
pans out. By harnessing physics to control the players, it was possible to lift a
massive amount of interaction, control and unpredictability from players. A
somewhat expected passive bonus to this was that, as all the effects were
physics-based, players would not consider this as control taken away, as
physics is rarely used by the player in the vast majority of games, instead
regarding physics as a whole as another set of simple yet largely irrelivant set
of rules that every must follow.
As demonstrated, however, the effect is noticeably profound, forcing players
into complex formations in the interest of better racing. Since players drive
with a certain degree of ‘noise’ in their control (no two player-driven laps are
perfect or exactly identical), the physics applies differently enough to not be
obviously repeating or completely predictable to the player, but over several
laps it is consistent enough to inspire player confidence and experimentation.

If the track were ‘straightened out’ as shown above (grayscale representation of elevation), the effects combine
to produce assymetric racing lines; moving toward the inside in the first half of the track is very different
compared to moving toward the inside during the second half of the lap. The ability to chose when exactly to
make that move can be used to create interesting racing lines.
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Additional Considerations

Throughout user testing it was noticed that multiple players were grinding along the outside barrier across the
top of the racetrack. While the physics of the banking and gravity is strong enough for them to easily avoid this,
it appeared this behaviour was very much down to the user.
As another potentially useful mechanic, the wall-riding section along the top half of the racetrack was added.
It featured a much smoother edge between track surface and barrier than previously, as well as a much deeper
recession into the surrounding wall. These allowed a vehicle to drive along the walls as long as a certain (high)
speed was maintained, and at any point where that speed was not met the vehicle would slip back down to the
road surface. This wall-riding section was only about one vehicle ‘wide’ (tall), and as such several vehicles could
line up behind one another for easy, single-file boosting.

The wall-riding also prompted a review of the barrier placement and orientation. Previously, vertical barriers had
appeared sufficient, however with the change to include wall-riding in controlled areas, the remaining barriers
needed changes to prevent this. In the end, the barriers were rebuilt to be perpendicular to the edge of the
track, regardless of the banking or angle. Consequently, the outside barriers at the lower parts of the track are
near-horizontal, and the inside barriers at the higher parts of the track actually point downwards slightly.
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Strategies and Tactics

The provision for strategies and tactics in a track’s design is an important consideration when designing the track.
For RoF, these obviously had to reflect the boosting mechanic. Considering this, numerous possible uses were
found, usually tied to certain periods of the race.

Right off the start, it was possible to gain a tactical advantage by sacrificing track position for a more informed
choice of elemental pickup. By waiting an extra second on the start line as the other players race off, it was
advantageous as you could then choose an element that would guarantee you could boost on another player’s
trail. This strategy is shown here by the red trail, with serrated edges representing boosting on a trail or
immediate use of stored boost.

A secondary, related strategy relied on falling back to between 2 to 4 seconds behind a leading vehicle at the
start line going down the slope, then using that extra distance to boost on their trail back up the mountain to the
top of the track. This has a significant bonus because it will being both vehicles in close proximity to each other
across the finish line by using the boost to overpower gravity when travelling uphill.
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Advanced Strategies and Tactics

As with many competitive motorsport events, the entire race can come down to the final segment of the race.
An example is the V8 Supercar event, the Bathurst 1000, a gruelling 1000km event taking several hours. This
phenomenon is called ‘buying a ticket to the last stint’, and defines using the majority of the race to strategically
set up the last segment of the race as well as possible. Elements of this strategy can include setting the car up
with optimal tyres, the lightest fuel load, as well as the best position on track, as once that point is reached all
strategy is effectively removed from the race.

In Slipstream, this is usually a case of building up a considerable amount of boost (ideally filling the bar so that
Storm is available) and saving it for the last lap, while maintaining an advantageous track position (at or near the
lead). The theory is that, if you are boosting at full speed, it’s impossible for any other car to catch you, and easy
to overtake cars ahead that aren’t boosting. Therefore, a leading car with a full boost stockpile is nearly
unbeatable, even with other players boosting on their trail. By that logic, if all cars have full boost, the vehicle
leading at the beginning of lap 6 will win a 7 lap race, because if they all use boost, no positions will change as
there is no speed difference between vehicles. This strategy is shown here by the red trail, with large serrated
edges representing boosting on a trail or use of stored boost, and small serrated edges representing top speed.

.
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Advanced Strategies and Tactics
By far the most difficult strategy is using the altitude variation to force a win from lap 5 of 7. This strategy
requires a very high skill level, as well as considerable amounts of luck (or coordination with other players), and
almost certainly results in the loss of the race if not executed perfectly.

This strategy requires a player to slow down considerably and gain as much boost as possible on lap 5, and back
off to within the last 10% of the leading car’s trail with a superior element. From the start line of lap 6 to the
bottom of the track, that position must be maintained, while still having large amounts of boost stored and the
superior element (changing if necessary). From the lowest point of the lap, accelerate hard on the leading car’s
trail up the hill and across the start line. At this stage, the player should be far ahead, with a full boost gauge,
and travelling at full speed. Since the engine can hold top speed without boost when travelling downhill, there
should be no loss of speed until the player reaches the bottom half of the track. As the track starts to curve
uphill, sparingly use portions of the boost to maintain top speed, being as conservative as possible. Very smooth
driving is a key to reducing speed that would be otherwise lost by cornering. Repeat for lap 7 of 7, driving as
smoothly as possible while using the last of the boost when travelling uphill to maintain top speed.

If successful, it’s possibly to use half a lap of boosting on a trail to travel at top speed for nearly 3 entire laps.
However, any jerky movement or loss of speed when travelling uphill will result in wasted boost, and by driving
smoothly the player leaves a trail that is very easy to follow, especially considering that this strategy will only put
the player’s car ahead by 1-2 seconds. If at any stage over the last 3 laps anything goes wrong, it almost always
results in an impending loss to the following car, which would have full boost and be racing at top speed.
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Conclusion and Acknowledgements

Ring of Fire was certainly one of the more popular Slipstream tracks, no doubt due to the exciting and
unpredictable racing it would reliably deliver for players. It was also used as a testing ground, both for vehicle
physics and set-ups,and for complex track physics and mechanics that would be further tested and expanded
upon in future tracks and games.

Special thanks are in order for Sebastiaan Fehr, Lewis Williams and Andrew Lang for their work on Slipstream,
being incredible team members and for making Slipstream development such a fantastic experience.

Andy (Slipstream; Programming, Net code, AI, Physics)
andy@slipstreamgame.com
Lewis (Slipstream; Interface, Design)
lewis@slipstreamgame.com
Sebastiaan (Slipstream; Environment Modelling, Webmaster)
seb@slipstreamgame.com
Brendan (Slipstream; Effects, Design, Physics)
Brendan@slipstreamgame.com
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