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Abstract 

The goal of this study is to research the disparities in character positions between 

clients and server when playing an online game. The data needed was gathered by 

letting three players play a game made by me against each other, using extrapolation 

methods like the Kalman Filter on the characters’. During the play-through each client 

saved all characters positions together with the input made by the players. The clients 

logged the information every network update, in synch with the server. When the time 

came, all clients sent their information to the server, where it was collected, analyzed 

and compared with the information the server had registered. By calculating the 

difference in position of the server and clients characters, a disparity value could be 

extracted. This value is what was used to calculate a disparity value between the 

server characters and all clients’ counterparts. The same value is also what was used 

to answer the questions on how much impact the different extrapolation methods have 

on a game, as well as how big of an impact input made have on the delay of the game. 

An important part of the study was to make sure that the information gathered was 

collected at the same time on the clients and the server, as well as to be able to enable 

and disable parts of the methods. Therefore the whole game used in this dissertation 

was built focused on this study. All extrapolation methods are toggle-able and the 

information gathered is synched using time.windows.com.  
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Sammanfattning 

Målet med denna studie är att undersöka skillnader i karaktärspositionerna mellan 

klienter och server när du spelar ett onlinespel. De uppgifter som behövdes samlades 

in genom att låta tre spelare spela ett spel gjort av mig mot varandra, där olika 

extrapoleringsmetoder användes, som till exempel Kalman filtret. Under 

genomspelningarna sparade varje klient alla spelarpositioner tillsammans med 

inmatningen gjord av spelarna. Klienterna loggade informationen varje nätverks-

uppdatering, synkroniserat med servern. När tiden var inne, skickade alla klienter sin 

information till servern, där den samlades in, analyserades och jämfördes med den 

information servern hade registrerat. Genom att beräkna positionsskillnad på servern 

och klienternas karaktärspositioner kunde ett värde utvinnas. Detta värde är det som 

användes för att beräkna ett bristvärde mellan serverkaraktärernas positioner och alla 

klienters motsvarigheter. Samma värde är också det som användes för att besvara 

frågorna om hur stor påverkan de olika extrapoleringsmetoderna har på ett spel samt 

hur stor inverkan input som gjorts har på fördröjningen i spelet. En viktig del av 

studien var att se till att den information som samlades in skedde vid samma tidpunkt 

på klienterna och servern, samt att kunna aktivera och avaktivera delar av 

extrapoleringsmetoderna. På grund av detta har hela spelet som används i denna 

uppsats byggts med ett fokus på denna studie. Alla extrapoleringsmetoder är på och 

avslagningsbara och den insamlade informationen synkroniseras med hjälp av 

time.windows.com.  

 

Nyckelord: 

Spelarkaraktärer, Nätverksbrister, Server - Klient kommunikation, Mixed models, 

Positionsskillnader 
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1 Introduction 

Today being able to play games together with your friends across the world has 

become more and more demanded. Therefore game developers have been forced to 

develop games that support this, through various types of network structures, such as 

Peer-to-peer (Steinmetz and Wehrle, 2005) and Client-server.  

 

With an increased demand on multiplayer games, the need for better network security 

in the games has increased, to deal with the vast amount of cheaters and hackers out 

there. The most common way to get rid of a lot of the security flaws in games is to 

move most of the gameplay-important parts of the code so they are only run on the 

server and then simulated on the clients (Bernier, 2001). This helps prevent cheaters 

and hackers from modifying values that are important to gameplay, since the code is 

not run on their computer. This way of doing games however gives birth to a 

problem: much more noticeable latency or delay when playing. If a game would be 

purely run on the server, the player’s connection speed would have a great impact on 

the game. If a player wanted to move a character, the input would have to be sent to 

the server, where the code would be executed and then the new game-state would be 

sent back to all clients, resulting in a delay from when the player makes the input, 

until he/she actually sees it on his/her computer. This delay would be increasingly 

noticeable depending on the player’s connection to the server. So how come games 

today, such as Counter-Strike (Valve, 1999), are not having this kind of issue, even 

though they are using server-client structured network? 

 

The answer is fairly simple: when a player makes an input the client guesses where 

the player is going or what he/she is about to do, and executes the action before 

getting the response from the server. When the response finally gets back from the 

server, the client checks back in time if the action it guessed was the same as what the 

server just told it to do (Bernier, 2001). If it was, the guess was right and no action is 

required, otherwise it goes back and corrects the mistake and continues from there. 

The result of doing games this way is that the players are tricked by the game that 

there is no latency or lag, when there in fact is, only that it is hidden by the game 

guessing. 
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1.1 Background 

There is a lot of information out there explaining methods used in real-time 

multiplayer games to reduce the visible latency like (GauthierDickey, Zappala, Lo, 

and Marr, 2004) and (Liang and Boustead, 2006), but how big their impact is on the 

games and how to implement them is only mentioned in a few articles like: On the 

Impact of Delay on Real-Time Multiplayer Games (Pantel, Wolf, 2002).  

Most texts mention they use extrapolation and interpolation methods, that they do 

approximations and so forth (Bernier, 2001). The problem is that they, much like 

Bernier, never go into details about each and every method they use. Therefore it can 

be hard for a newcomer to know what to look for when building a multiplayer game 

for the first time.  

In addition to using basic extrapolation and interpolation methods, another 

common and very powerful extrapolation method exists, the Kalman filter (Welch 

and Bishop, 2006). This filter is actually used often within the games industry and 

similar fields (Keskin, Erkan and Akarun, 2003).  

To get a little more in depth what the approximations essentially are and what 

purpose they have, one must first understand how a multiplayer game is built today 

and why. 

In the early days of multiplayer games only strategy games had multiplayer 

capability, such as Warcraft and Age of Empires. In this type of games latency was 

not an issue, since the game waited for every player before executing an action. Let us 

say player one told a unit to move forward. This unit would not move until the other 

computers had gotten the call to move it as well. What was sent over the network was 

the actual input. All games had the “same” copy of that match and when a player 

made an action it was sent and executed the same way on all other player’s computers 

(Fiedler, 2010). For this to work, all players had to be in the game from the same 

moment, until it was done. No one could join during an ongoing match, since no 

information was stored, only input was sent. 

This way of making multiplayer games was too slow for fast paced games such as 

first person shooters. Therefore a different way of making multiplayer games was 

used, the Client-server structure (Fiedler, 2010). The way a Client-server structure 

works is that there is a server containing all the information of the game. The clients 
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do not run gameplay-important code, but the server does that for them and then tells 

them what happened. From a security point of view, this way of doing games is really 

good. It is much harder for a player to hack the game and cheat, since it is not their 

computer running the code. Players can join a game after it has started, since the 

server has all the information and can send it to clients when they ask for it. There are 

a lot more pros that this study will not cover, but there is one big flaw of doing games 

this way and that is latency. 

If the server is running almost all code, that means that the clients must tell the 

server to do something, then wait for the response before they can see anything 

happen. For example: Client one presses ‘W’ to move forward, the request is sent to 

the server, the server moves client one’s character forward and then tells client one 

the move was possible. After receiving the message from the server client one’s 

character finally moves forward. This delay might not be big if you are sitting in the 

same room as the server, but the further away you are the longer the delay will be, 

resulting in unplayable games.  

This problem has been solved by the game developers by letting the clients guess 

where they are going and then correct themselves if they made a mistake when 

receiving the information from the server (Valve Developer Community, 2014). This 

way of doing things removes the visible latency, by hiding it with an optical illusion. 

The latency is there, it is just not visible until the client makes an error in its guess and 

has to correct what it did with the information received by the server (Bernier, 2001).  

One could think that a client would have to correct itself a lot of times, but thanks 

to advanced approximation algorithms the game runs smoothly until a player gets 

really high latency. Almost every person living today has seen one of these 

approximation methods in action, not connected to games, without thinking of it. A 

perfect example is the Global Positioning System (Cooksey,  n.d). The time it takes 

for the car to receive the necessary information from all satellites is quite long and yet 

the GPS systems of today show the position quite accurately. Should it not be 

showing the position as long time ago as it takes for the signals to get back from the 

satellites? The reason it is so well synchronized with the actual devices position is due 

to the use of an approximation method called Kalman filter, or a version of it.  
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The Kalman filter is an advanced algorithm that makes a well estimated guess of a 

coming position or value, by looking at old positions and values (Faragher, 2012). 

This is the reason our GPSs today are working so well, but it is also one of the reasons 

our games work so well. In the game developed for the dissertation a simplified 

version of the Kalman filter (Esme, 2009) has been implemented, resulting in a good 

synchronization between the server and all the clients. 

In the diagram below one can see a simplified version of the Kalman filter, which 

has removed some matrixes that further improve the error correction. The reason the 

matrixes were removed is because they will most probably be constant and almost 

always equal to 1 and can therefore be removed from the equation. This is the version 

of the filter that was used in the essay.  

In the diagram, 𝑥̂ −𝑘 is the "prior estimate" which is a rough estimation done before 

correcting the value in measurement Update. In this case the rough estimation is a 

guesstimated position the player should have reached this update. 𝑃−𝑘  is the  "prior 

error covariance". That means that it is a value calculated from the position error of 

earlier updates, it is used to correct the next position estimation.  

In Measurement Update, what we get is: 𝑥̂ 𝑘, which is an estimation of value x at time 

k. In my case I used positions and got an estimation of a new position. What is also 

found is 𝑃𝑘 which is needed in the next time step k+1 (future) estimate, together with 

𝑥̂ 𝑘.  

The Kalman Gain (𝐾𝑘) is evaluated but not needed in the next step, it’s used for the 

next Measurement Update. 𝑧𝑘 was not calculated in this simplified version and was 

set to 1. 

Time Update 
(prediction) 

Measurement Update 
(correction) 
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In theory, the more players that are on the server and the more actions made should 

cause the network traffic to increase, which in its turn should cause the disparity value 

to increase with the amount of players making actions squared. The reason behind this 

is that for each extra client on the server, all the clients will have extra information 

about that player to send and receive. This however might actually be false, if you 

take a look at how the approximation methods are working.  

Since approximation methods were developed to diminish the latency a player 

experiences when playing a client-server structured game, it should also in theory not 

be that affected by an increase of network traffic. There should of course still be an 

impact, but it should not be squared, only linear at most. The reason behind this is that 

the different methods enable the server and clients to send/receive less information 

than they otherwise would have to, the package size from the server will only be 

marginally bigger since the only real difference is that it sends and receives 

information about one additional character. 

Another method that was used was local extrapolation. The local extrapolation ran 

the movement code on the player-controlled character of each client the same time it 

sent the input to the server. It corrected the position if needed after receiving the new 

information from the server. This way the client did not have to wait for the server to 

tell it where to go, but the input decided where it went unlike the Kalman filter, where 

the new positions are decided by guessing where it is going based on old movements. 

When a certain filter was not used positions were updated by using interpolation 

methods such as Vector3.Lerp (Unity Technologies, 2014), meaning the characters 

moved to a certain point over a certain amount of time after receiving the desired 

position from the server. This means that the client characters always will be lagging 

behind the server characters, since the server sends information of where its 

characters already are, the client characters then move to the same positions after 

receiving the information, leading to the client characters always getting to the 

positions after the server counterparts. 

The results may of course vary as well. Since the network code is written by me, 

using UDP protocol for sending information, there might be flaws in the network 

code, resulting in an increase of network traffic that would not be there in most 

games, there might also be flaws in the movement code/Extrapolation methods.  
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There is also the possibility that factors such as how the movement code is run in 

the game might increase the disparities. In theory this should be the same amount no 

matter how many clients are connected, since the game is not changing something in 

the code during runtime and all machines run the same code. 

 

1.2 Research Questions 

This study looks at the impact of different estimation techniques such as 

interpolation, extrapolation and Kalman filter compared to using no filter, for the 

character location disparities between server and clients in a multiplayer game. 

 What kind of impact do the different techniques have on the position 

disparities? 

 How do the different techniques perform compared to each other? 

 

1.3 Essay structure 

The structure of this essay is that of a quantitative study, where results will be 

shown through diagrams. 

To begin with the readers will be educated in why multiplayer-games are made the 

way they are today, after that the methods used will be explained in detail, why they 

are used and how. Later the theory or thesis behind the study will be shown, 

composed of the hypothesis of what the different methods impact on the game will 

have.  

Followed by that is the actual results of the study. Lastly there will be a discussion 

of the results and the study in general with a conclusion closing the dissertation off. 
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2 Theory & Methods 

To begin with since the text is about position disparities between the clients and 

the server of a Client-server structured game, there had to be a game to test, which 

was one of the major problems. To find a game where one player could be the server 

and the rest clients together with the ability to collect the position data I needed 

proved harder to find than I initially thought. To solve this problem a game was built 

from scratch, customized for this dissertations needs.  

The game has a built in logger for all characters, it is using Client-server structured 

network code and has approximation methods that are toggle-able, for easy 

management.  

When doing a play through, the logger code saves all character positions on the 

server and all the clients, together with timestamps connected to the tick of the server. 

This was done to ensure all information gathered was captured at the same time and to 

know which positions should be compared with each other later on, so that the client’s 

position at tick 130 is not compared to the server tick 132. When a match is finished, 

the information is sent from all the clients to the server. After all information is 

received, the server writes each individual character’s information to a text file. The 

data is then analysed using mixed models. The software that was used in the analysis 

was R (R Core Team, 2014) and lmer R package (Bates, Maechler, Bolker, Walker, 

Christensen, Singmann, Dai, Eigen and Rcpp, 2014). The diagrams contain the data 

on which approximation method that was used, as well as what action was made 

when, making it easier to read the correlation between input/method used and the 

magnitude of the disparity it causes.  
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3 Results 

Here the results of the study, the results that will be shown beneath were gathered 

using the following formula: DISPARITY ~ VELOCITY + METHOD + (1 | 

CLIENT). This formula was used on all data gathered from the tests combined in one 

list. This way we will be able to see what the impact of the different extrapolation 

methods had on the disparity, the method also filters away the disparity caused by the 

difference in network connection between the clients, so that we can see the true 

values of the different methods impact. 

 The methods that were used in the tests were the kalman filter and local 

extrapolation with a reference value that was gathered from the clients using only 

ordinary interpolation. To gather the values four different play-through were made 

with 3 players in each play through.  

Note that when a certain filter is turned off, ordinary Interpolation is used; meaning 

the characters get a position from the server and moves there over time till the next 

update arrives. 

All tests were done comparing acceleration with the disparities, what can be noted 

is that there was no correlation between acceleration and the disparity magnitude.  

Fig 0 displays one of the many tests done using disparity as a function of acceleration 

and as can be seen both in the diagram and in the values below there is no correlation. 

The picture fig 1 is showing the connection schematics of the client-server 

structure for the tests conducted below. The picture shows the information flow 

between the server and the clients. This type of update is run every tick of the game 

which is 64 ticks per second. 



 13 

 

Figure 1 

In the diagram below fig 2, we can see a test conducted with disparity as a result of 

acceleration. As we can see both in the diagram and in the values below, there is no 

clear correlation between the disparity and the acceleration. 

 

Figure 2 
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The model indicates that there is a clear correlation between the velocity and the 

disparity, which we also can see in the diagram below fig 3, the R-squared value of 

this correlation is ~63% (0.6291944). 

 

Figure 3 
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The model shows that the estimation techniques perform differently, but the 

difference is small, as the techniques explain only ~12% variation in the data (r-

squared=0.1165747). 

 

Figure 4 
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Table 

3.1 General results 

If we combine all the values gathered from the tests and combine them and do a 

fitting linear mixed effect model analysis using lme4 function in R we get the values 

shown above in the table fig 3. 

As one can see in the table and the diagrams, the results for the methods are all 

statistically significant and different. What can be clearly seen in both the diagrams 

and the table is that velocity has the biggest correlation with the disparity. The 

different methods have a much smaller correlation but still a noticeable one. What 

more can be said is that there is a clear correlation between client and disparity, but 

this has been taken out of the diagrams, to give us a clearer result of the methods 

impact on the disparities. 

What we can read from the table and see in the diagrams is that as we expected the 

Local Extrapolation greatly reduced the disparity compared to only using ordinary 

interpolation. More unexpectedly however from what can be seen in these tests, the 

kalman filter has actually increased the disparity compared to ordinary interpolation. 

This was something that was totally unexpected, but when taking a closer look it is 

not that weird. The kalman filter is first and foremost there to reduce the disparity 

Random effects:    

Groups    Name         Variance Std.Dev 

CLIENT    (Intercept) 0.002644 0.05142 

Residual               0.017736 0.13318 

Number of obs: 16800 groups:   CLIENT, 6 

    

Fixed effects:    

 Estimate Std. Error t value Confidence Intervals 

(Intercept) 0.221746    0.021097    10.51 2.5 % 97.5 % 

VELOCITY 0.853203    0.012804    66.64 0.17714998  0.26637692 

METHODKalman Filter         0.034540    0.002516    13.73 0.82813809  0.87832893 

METHODLocal Extrapolation -0.082035    0.004121   -19.91 0.02963156  0.03949813 
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caused by delay over the network. In the tests that was made all the clients had a good 

network connection, this lead to the interpolation working better than the kalman 

filter, since there was barely any delay over the network. The outcome might be very 

different if the clients had worse network connection and the delay was greatly 

increased. This would lead to a better utilization of the kalman filter. 

An increase in delay would also worsen the local extrapolation, since it runs the 

movement code before the server gets the call, an increase in delay would cause the 

player to reach its destination before the server. Leading to a disparity connected to 

how far in front the server the client is, instead of how far behind it is. 

With all this in mind, one can say that the Local Filter is the best method to use 

under the same circumstances as was had during the tests mentioned above. 

But if a similar test was done with clients with higher delay, running the same 

movement code on the local unit as the server when sending the information and 

using the Kalman filter for all other units at the same time is a very good method used 

by a lot of game development companies, due to the significant improvement it gives 

to the flow of the game.  

As one can note, there is a correlation between the movement of the characters and 

the disparities, but the increase is not squared with the amount of players as one could 

have thought.  

All tests were made checking if the increase was squared, logarithmical, 

exponential or linear. Based on the R-squared, the linear increase was the best fit for 

all methods, therefore one can assess that the increase in disparities is linear when 

looking at the disparities correlation to the velocity. 
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4 Discussion 

As seen in the results part, the different approaches have varying results on the 

position disparities between the server and the clients. What can be interpreted by the 

diagrams and from what the players experienced, is that using all local extrapolation 

has the best result when comparing the disparities. The difference compared to only 

using interpolation methods is vast, especially when it comes to the local player 

compared to the server. Worth mentioning is even though the kalman filter increased 

the disparity under these circumstances it also improved the look and feel of the game 

greatly, giving the remote units a nice and fluent movement instead of jerky and laggy 

as it was when using interpolation.  The remote characters on the clients have all 

gotten a bit worse when it comes to the disparities as well, but the difference is not 

quite as big as the locally controlled characters on the clients.  

What can be read and understood from the results is that the different methods 

have different amount of impact on the disparity, but due to how the code was written 

one cannot say one method was better than the other to use, since the local character 

and remote characters are not running the same code, because the remote characters 

are not receiving input directly compared to the locally controlled characters. Better 

would be to say that if one intends to do a multiplayer game, one should implement 

both local and remote extrapolation, since they complement each other’s weaknesses. 

A good method to use for local characters is simply to run the same movement code 

as the server when the input is made, while the another really good method for remote 

characters is to use the Kalman filter, so the answer depends on what characters the 

question is about. 

Something else that can be read in the results is that there is a correlation between 

disparities and input made, as one could see on the diagram fig 1, the disparity value 

was reaching zero when the player was not moving, while peaking when it was 

moving with higher velocities. 

One might have seen different results with even more players or with an increased 

delay that exceeds the tick-rate of the server (64 ticks per second), if a player has a 

delay that is bigger than the time between two ticks information will be lost, causing 

bigger disparities. Unfortunately this was not done in the tests for this essay.  
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5 Conclusions 

As seen above there is a difference in impact of the different methods on the game, 

the reason the local approximation is showing more promising results is due to it 

having the knowledge of where it is about to go, whereas the remote characters must 

guess based on old updates, leading to a less reliable/synchronized movement. 

One can also note that since the code is written by me it is far from perfect and 

optimized, leading to a bigger difference then there should be. I also used a less 

complex version of the Kalman filter, which could lead to bigger disparity values than 

it should be. The reason for this is that I used a method that has removed some 

matrixes that are there specifically for reducing the error margin of the calculation. 

The pro of the local extrapolation is that it almost makes the local character be in 

perfect synchronization with the server, with the exception of being slightly before the 

server. The downside to this is that since the player is a bit ahead of the server, the 

player might experience things such as dying after getting around a corner or 

protection in a gunfight. 

The pro of the Kalman filter is that it in theory has a good impact on remote 

characters positions on clients that have a high latency; this could not be proven in the 

essay since none of the participants had a high latency. One downside is when the 

clients have really good connection to the server, which can be solved by toggling the 

filter as needed. Another small downside however might be that it is fairly 

mathematically demanding, meaning it might be quite difficult to implement in a 

game if you are not that experienced with math. Plus knowing how to actually 

implement it and modify it for a game might be quite a hassle as well to an 

unexperienced programmer. 

Using approximation methods is clearly something a game developer who intends 

to make a client-server game must learn how to master. By using the methods 

mentioned above one can reduce the disparities differently depending on the clients’ 

connection to the server. 
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