
$%675$&7
A major problem of network-based multiplayer games (and other
distributed virtual environments) is caused by the network transmis-
sion delay. This delay leads to inconsistency and other problems.
Dead reckoning is often used to reduce the effects of network
induced delays and losses by applying prediction means. The qual-
ity of the prediction and, hence, the consistency of the distributed
game, depends on the difference between the real and the predicted
position of some objects. In this paper we discuss prediction meth-
ods for games and study their usefulness in regard to different game
types (genre) like Sport, 3D-Action and racing games. Using imple-
mentations, the methods are evaluated experimentally.
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A major problem of networked multiplayer games is caused by the
network transmission delay. This means that it takes a while until the
information, e.g., about the new position of the opponents objects,
reaches the receivers. While some technical means such as network-
level quality of service mechanisms, e.g., DiffServ, can reduce or at
least bound this delay, some delay will always exist, for instance
about 0.1s for the propagation of light between Europe and
Australia. This delay causes several difficulties and leads to
paradoxical situations. As an example, consider a racing game with
two players (Figure 1). The two cars are going head-to-head while
passing the finishing line. Caused by the transmission delay, it takes
a while until the position of the counter player reaches the local
player. Therefore, the position of the opponent’s car is out-of-date
and somewhat behind. Thus, both players believe that they have the
lead and are the winner of the game. The endsystems have no better
information and will declare their local player as the winner.

This example makes clear that it is important to provide for a
consistent state as far as possible. Different approaches have been
developed such as:

• local presentation delay
• dead reckoning

In the first approach, the processing and presentation of events from
the remote and the local system are synchronized. This requires that
also local events are delayed. In [3] we investigated the impact such
delay can have on the performance of multiplayer games.

With dead reckoning, the next event such as a position update is
predicted. This can reduce the impact of delay and of loss of events
also. However, the accuracy of the prediction is critical. In this paper
we study several prediction schemes and evaluate their suitability for
games by experiments.

)LJXUH����([DPSOH�IRU�'HOD\�,QGXFHG�,QFRQVLVWHQF\�

Work on dead reckoning schemes has been performed by several
other groups already before. However, their work is directed towards
the use of dead reckoning in distributed interactive simulation,
virtual reality, and military applications. As far as we know, no
investigation within the games realm has been made. This is the
purpose of our paper.

The outline of this paper is as follows: The next section discusses the
prediction schemes used during our experiments. Section 3
describes the evaluation scenario. In Section 4, the results of our
experiments are presented before we conclude the paper.

���35(',&7,21�6&+(0(6
Different schemes are possible for the prediction of a future event or
position. We used two categories:

• prediction of a position
• prediction of an input event

The methods within the first category predict the future position of a
game object based on the current and the past positions. Not only
straight lines but also curvatures can be modelled.
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In the second case, not the future position of the game object but
the future position and setting of the controlling input device
(joystick, mouse, keyboard, etc.) is predicted. Based on the used
model for the behavior of the game objects (their movements, in
general a physical model), the expected user input is then used to
calculate the new object positions.

In principle, a further distinction would be possible, i.e., whether
the prediction is done on the sender or the receiver side. Performing
the prediction at the sender can have the advantages that more
information is available (more parameters of the observed object
such as its physical characteristics, the environment, etc. which
could be transmitted to the other systems with significant effort
only) and that the computation effort is needed only once (and not
on Q��� systems if a Q player game is used). As disadvantage we
notice that sender-side prediction cannot take care of delays or loss.
In this paper we concentrate on receiver-side predicition.

We studied several predicition approaches as discussed in the
following.

�����3RVLWLRQ�3UHGLFWLRQ�6FKHPHV
3UHGLFWLRQ�6FKHPH����Prediction of the position by assuming
constant, component-wise velocity 

3UHGLFWLRQ�6FKHPH����Prediction of the velocity by assuming
constant, component-wise acceleration 

3UHGLFWLRQ�6FKHPH����The same as scheme 2 but with a
component-wise prediction using the Lagrange polynom (with a
degree of 2):

The first two schemes 1 and 2 have been derived from physical
properties. We used the Lagrange polynom since it is commonly
used for interpolation/extrapolation in computer graphics. Yet,
schemes 2 and 3 are mathematically equivalent and, hence, are
combined in the evaluations discussed below.

3UHGLFWLRQ�VFKHPH����Prediction of the trajectory by assuming
constant, component-wise velocity 

�����,QSXW�3UHGLFWLRQ�6FKHPHV
3UHGLFWLRQ�6FKHPH����Prediction of the input by assuming
constant control device (e.g., joystick) position

3UHGLFWLRQ�6FKHPH����Prediction of the input by assuming
constant control device (e.g., joystick) velocity

3UHGLFWLRQ�6FKHPH����Prediction of the input by using the
Lagrange polynom and assuming constant control device (e.g.,
joystick) acceleration 

�����1R�3UHGLFWLRQ
For comparison purposes, we introduce an additional ’scheme’
where no specific but the trivial prediction ’expected position’ =
’last known position’ is applied. This scheme is used to put the gain
of the other schemes into a useful relation.

3UHGLFWLRQ�6FKHPH����No further prediction:
H[SHFWHG�SRVLWLRQ� �FXUUHQW�SRVLWLRQ

���(9$/8$7,21�6&(1$5,2
An evaluation of prediction schemes can only be useful, if the
studied game types and scenarios are chosen properly and
appropriate. For this, we considered games which are

• multiplayer-capable (at least in principle), and
• controllable via proportional input devices (like joystick or

mouse) and where the direction and velocity of the game
objects is directly controlled by the user

The prediction schemes have been evaluated using three different
application scenarios. For this purpose, according applications
(simplified games) and the prediction schemes have been
implemented. The application scenarios are:

• sports-games such as soccer, hockey, tennis, basketball; the
player controls an object on the field.

• 3−D action games and action adventures; controlling is done
from the first-person perspective or from a ’view over the
shoulder’

• simulator and racing games; these are applications and games
where a�physical movement model applies.

A replay function has been implemented for the used games. This
allows to record and replay user input, control device operation and
game object positions.

)LJXUH����'HYLDWLRQ�IRU�UDFLQJ�FDU�JDPH��IRU����PV�ODWHQF\�
7RS��3UHGLFWLRQ�VFKHPH����Y FRQVW��

%RWWRP��3UHGLFWLRQ�VFKHPH������D FRQVW��

The quality of a prediction scheme is defined as the difference
between the position calculated by the game engine (physical model)
and the prediction. To get a general overview about the quality of a
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prediction scheme we determine the average deviation between the
predicion and the real position of the object. Additionally, in order
to get a better situation-dependent and more concrete idea of the
deviations, we also implemented a viewer program. This program is
used to visualize the trajectory a certain game object has driven by
reading the recorded trace data and presenting it. In Figure 2 the
output of the viewer program is given. It shows the predicted and the
real object positions of a car-racing game for the prediction schemes
1 and 2/3 respectively if a delay of 200 ms is applied.

To study the effect of delay on the prediction schemes, all
measurements have been made with simulated delay values of
100ms and 200ms.

�����6SRUWV�*DPHV
For the sports-games type, we use a cursor like steering model
(looking at existing games, we found this to be the common
approach). We used a trace of a soccer match (recorded on video
tape) as base for our study. 

�����$FWLRQ�*DPHV
Basically for all games within this category, the steering of the
player’s object is done in the same manner. The direction and speed
values from the control device result in a target position which is
used for the animation. Hence, we use one model for these two game
types only. It is similar to that of steering a vehicle, e.g., moving the
joy stick to the left or right causes a change of the direction; the y-
axis is used for forward/backward movements.

A recorded trace of a game session is used for the examinations.

�����6LPXODWRU�DQG�5DFLQJ�*DPHV
The steering approach is similar to the one used above. Also here we
use a trace of an example session as base for the measurements.

���5(68/76
As will be discussed in more detail, our investigations show that
there are measurable differences between the prediction schemes.
Interestingly, the most complex schemes do not always lead to the
best results. Also rather simple schemes such as prediction scheme
5 which uses the assumption of a constant control device position
have been quite successful.

An important result is that the choice of the best prediction scheme
depends on the used type of game, i.e., the basic control approach.
While this is not necessarily much of a surprise, it is nevertheless
useful to have evidence from experiments. Based on the available
measurements, it is also noteworthy that the choice of the best
scheme does not significantly depend on the particular player. While
there are significant differences in the sum of the deviations (due to
accumulations of situations which are difficult to predict), the best
scheme typically leads to the lowest deviations for all playing styles.
In summary, good predicition schemes (within one game genre)
deliver good results for all playing styles if they are compared with
other schemes.

�����&RPSDULVRQ�$PRQJ�3UHGLFWLRQ�6FKHPHV
Our measurements show that the input prediction (scheme 6) with
constant control device velocity leads to good results for sport-
games (Figure 3). It offers the best result, i.e., the smallest average
deviation, of all studied schemes, independent of the chosen delay
(100ms or 200ms).

In general, the input predicition schemes (schemes 5-7) seem to be
suited well for this game genre. Their results are typically better than
those of the position prediction schemes (schemes 1 - 4). The
remaining deviations for schemes 2 and 3 are 27% larger than those
for scheme 6. The best position prediction scheme is the simple
linear prediction (scheme 1).

)LJXUH����6SRUWV�JDPH��DYHUDJH�SOD\HU�

The results for the 3D-action genre are shown in Figure 4. Prediction
scheme 7 (the Lagrange polynom, used with a weighting factor of
Z ��� for W, i.e., using ZW instead of W) delivers the best results. The
weighting factor Z ��� has been determined experimentally. To
avoid this additional effort, which also depends on the chosen
scenario, the simpler scheme 5 can be used which also offers good
results. Further, scheme 4 (trajectory prediction) may be applied
since it also leads to relatively small deviations. The reason is that
the vehicle-like movements can be predicted well using this scheme.
As already seen for the sports game, the constant acceleration
assumption taken by schemes 2/3 does not fit well with this game
type.

)LJXUH�����'�DFWLRQ�JDPH��DYHUDJH�SOD\HU�

As expected, the experiments demonstrate that prediction schemes
are especially well suited for the simulator genre. We used a racing-
car simulator for our experiments. Only prediction schemes 1 to 4
have been evaluated because the implementation of the input
prediction schemes would have required too much effort (we used a
physics engine [4] which is not available in source code). The results
are given in Figure 5.

For this game type and with the used prediction schemes, the
deviations are in an order of magnitude smaller than without a
prediction. While the average deviation was 25.6% for the sports
game and 16.1% for the 3D-action genre, for the simulator game it
is only 6,1% (for a delay of 200ms and using the best prediction
scheme).
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Moreover, compared to the other genres, we have the largest
differences between the prediction schemes. The assumption
’constant acceleration’  used in scheme 2/3
leads to significantly better results (factor of 2 for a delay of 200 ms
resp. factor of 3 for a delay of 100 ms) than the assumption ’constant
velocity’  taken in scheme 1.

While scheme 4 leads to good results as well, the difference is not
very significant and does not seem to rectify the increased
implementation effort in comparisn to the simpler and similar
efficient schemes 2/3.

)LJXUH����5DFLQJ�JDPH��DYHUDJH�SOD\HU�

�����&RPSDULVRQ�:LWK�3UHGLFWLRQ�/HVV�&DVH
The previous subsection discussed the different gains achieved by
the various prediction schemes and made a comparison between
them. Now we look at the effect of using prediction at all, i.e., we
compare the results achieved by the schemes with the case that no
prediction is applied.

Figure 6 shows the remaining deviations relative to the prediction-
less case for the considered game categories. It is included for a
comparison of the effect of the best prediction schemes for the

different game genres. As can already be seen from the previous
figures, Figure 6 illustrates even more that especially racing/
simulator like games can profit from predicition schemes, i.e., the
remaining deviation is lowest for this genre. 

)LJXUH����2YHUYLHZ�DERXW�UHPDLQLQJ�GHYLDWLRQV�UHODWLYH�WR�
SUHGLFWLRQ�OHVV�FDVH�

Taking a closer look at Figure 6, we can notice that a vehicle-like
movement model (speed and steering) is of advantage for a
prediction; such a model is used in the 3D-action and racing genre.
Sports games are more difficult to handle. The reason for this is that
the movements taking place are not of such a continuous and smooth
manner as it is the case within the other two genres. On the other
hand, since the overall speed is typically lower, presentation delay
schemes, e.g., [1], [2], can be applied. For faster games, like car-
racing simulators, using presentation delay schemes for the
improvement of the game consistency is more critical since they
increase the delay which decreases the games fidelity [3].

While Figure 6 shows the remaining relative deviations, it is also
interesting to look at the absolute gains. The following figures
demonstrate that much worse differences occur if no prediction is
applied.1

)LJXUH����'HYLDWLRQ�LQ�VSRUWV�JDPHV�JHQUH�IRU�EHVW�SUHGLFWLRQ�

)LJXUH����'HYLDWLRQ�LQ��'�DFWLRQ�JHQUH�IRU�EHVW�SUHGLFWLRQ�
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)LJXUH����'HYLDWLRQ�LQ�VLPXODWRU�JHQUH�IRU�EHVW�SUHGLFWLRQ�

For the racing-game simulator, we can give the deviation also in
measurement units (since the modelling is true to scale).

Without prediction we get an average deviation per packet resp.
display frame of:

• latency 100 ms: 3,5 ft = 106 cm
• latency 200 ms: 6,9 ft = 210 cm

This large deviation per packet / frame is due to the maximum speed
of 80km/h in the racing game. In this particular game, RC cars have
been simulated. These cars are build in a scale of 1:8, i.e., the length
of a car is just 45 cm. Thus, depending on the latency, the deviation
is two- to five-times the length of the car!

With prediction we get an average deviation per packet resp. display
frame of:

• latency 100 ms: 0,57 ft = 17 cm
• latency 200 ms: 1,96 ft = 60 cm

For the chosen scenario, this is much more acceptable than those for
the case without any prediction.

)LJXUH�����6SRUWV�JDPH�
%DG�DQG�JRRG�VW\OH��ZLWK�UHVSHFW�WR�SUHGLFWLRQ��

�����([WUHPH�3OD\LQJ�%HKDYLRUV
To learn about the sensitivity of the predicition schemes to the
behavior of specific players, e.g., whether they are moving the
objects very smooth or very abrupt, we performed further
measurements. In addition to the playing traces used above, we
created unrealistic traces (with a very smooth or very hectic steering
style). Figure 10 and Figure 11 illustrate examples for such playing
styles.

)LJXUH������'�$FWLRQ�JDPH�
%DG�DQG�JRRG�VW\OH��ZLWK�UHVSHFW�WR�SUHGLFWLRQ��

It can be seen that the playing style has a significant impact on the
resulting deviation. Reasons are that hectic movements cannot be
predicted well and for smooth steering operations, the velocity
changes only gradually.

In Figure 12 the results for the sports game using different steering
styles are shown. While the absolute values are different, the overall
order among the prediction schemes does not change from style to
style.
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)LJXUH�����6SRUWV�JDPHV��5HVXOWV�RI�SUHGLFWLRQ�VFKHPHV�IRU�
H[WUHPH�SOD\LQJ�VW\OHV�

)LJXUH�����5DFLQJ�VLPXODWRU��5HVXOWV�RI�SUHGLFWLRQ�VFKHPHV�IRU�
H[WUHPH�SOD\LQJ�VW\OHV�

Finally, Figure 13 gives the results for the racing game (results for
the action genre are omitted, they are similar to those for the racing
simulator). The differences between the playing styles are not as
significant as for the sports games. This is caused by the general
characteristics of these types of games. Due to the physical
properties of the simulated objects, movements cannot be as abrupt
as they can be for the previous game genre.

���&21&/86,216
The experiments show that prediction schemes can be useful for
networked games. They cannot reduce the latency directly, but they
can be used to reduce its impact.

While presentation delay schemes can provide for an improved
consistency of a networked game, they introduce additional delay.
As we have shown in [3], a delayed presentation within a high-speed
game such as a racing-car simulator is not acceptable above a certain
level. Prediction schemes can be of value in that area.
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