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Abstract 

In this paper, we propose a method for 
automatically learning motion rules for 
autonomous characters from control logs. We 
ask a few players to control their characters in 
a gaming application. Based on the control logs 
obtained, motion rules are constructed for each 
character. We use a support vector machine 
(SVM) to learn the motion rules. However, the 
SVM cannot be applied directly to our problem, 
as the necessary variables and their values vary 
according to the motion. To solve this problem, 
we introduce a layered mechanism and 
adaptive parameters to the SVM. As an 
experiment, our method has been applied in 
simulating football players. 

Keywords: motion rules, autonomous 
characters, support vector machine 

1. Introduction 

Recently, autonomous characters have been 
used in many applications, including computer 
games and computer animation. Non-player 
characters (enemies, allies, etc.) in computer 
games are expected to act naturally when 
responding to user-controlled characters, other 
autonomous characters, and the environment. 
In addition, crowd scenes in movies can be 
created efficiently by arranging many 
autonomous characters on the virtual scene and 
letting them interact with one another. To 
control such autonomous characters, their 
individual motion rules must be known. A 
motion rule defines the condition under that the 
character performs a motion. For example, the 
motion rules for a soldier character may 

include attacking an enemy when it is in a 
certain range, escaping when attacked, etc. 
Defining motion rules is a very difficult and 
time consuming task. A designer needs to 
describe many rules and their parameters, 
which are tuned through trial and error. 
Moreover, since human behavior is sometimes 
based on instinct, which does not conform to 
obvious rules, it is hard to describe such rules. 
In this paper, we propose a method for 
automatically learning motion rules for 
autonomous characters from control logs. First, 
we ask a few players to control their characters 
in a gaming application. Based on the control 
logs created, motion rules for each character 
are constructed. We assume that a character’s 
motion is dependent on various conditions 
including the character’s state, other 
characters’ states, and the scene. Sometimes an 
autonomous character is expected to react to 
several other characters in a crowd scene. Even 
in this case, however, the character’s action is 
deemed to be determined by the few characters 
close by. For example, a soldier’s motion can 
be determined from a few other important 
characters such as his commander, the 
opponent he is trying to attack, and the 
opponent trying to attack him. Thus, motion 
rules learned from a few human players should 
be adaptable to characters in a crowd scene. 
We use a support vector machine (SVM) [1][2] 
to learn motion rules. However, the SVM 
cannot be applied directly to our problem, as 
the necessary variables and their values vary 
according to the motion. To solve this problem, 
we have introduced a layered mechanism and 
adaptive parameters to the SVM. As an 
experiment, our method has been applied in 
simulating football players.  



2. Related Work 

Recently, an animation system specific to 
crowd animation, MASSIVE [3], has been 
widely used in movie production. MASSIVE 
provides a sophisticated GUI to describe 
motion rules using fuzzy rules. However, it is 
still difficult to design effective motion rules. 
There are methods for acquiring parameters 
automatically for crowd simulation. Lerner et 
al. [4] estimated the moving velocity and 
direction at each point in the scene from videos 
of real pedestrians taken from above. 
Hoshino et al. [5] used a similar method to ours 
for learning motion rules for fighting game 
characters from control logs. However, they 
simply choose a sequence of actions based on 
the amount of successful training data.  
Some researchers have employed SVMs in the 
computer animation field. Faloutsos et al. [6] 
used one for selecting controllers for physics 
simulations based on a character’s condition, 
while Zordan et al. [7] used one for selecting 
the anticipating motion for an incoming impact. 

3. System Overview 

The data flow in the proposed approach is 
shown in Figure 1. In order to learn the motion 
rules, control logs are acquired from human 
players using a gaming application. Usually, 
when a designer wishes to create motion rules 
for autonomous characters in a computer game, 
control logs can be acquired by having human 
players control the autonomous characters in 
the application. 
The system then extracts training data from the 
control logs for learning motion rules. The 
training data contain sets of an executed 
motion type (e.g., move, attack, defend) and a 
feature vector representing the state in which 
the motion was executed. The feature vector 
contains variables that are relevant to the 
motion rules (e.g., self position, opponents’ 
positions, target position). The action types and 
feature vector depend on the application and 
character. 
Motion rules represent the conditions of the 
feature vector in executing each motion and are 
learned from the training data. By using the 
motion rules (SVM), the system can determine 
which motion should be executed based on a 
particular feature vector. 

At runtime, based on the feature vector 
computed from the current state of the scene, 
the character’s motion is determined from the 
motion rules (SVM). In our system, when a 
motion (e.g., one walking motion cycle, an 
attacking motion) terminates, the character’s 
next motion is determined. 
The character’s animation is realized by using 
a conventional method. Our system employs a 
motion tree, which is popular in computer 
games. A motion tree contains short motion 
data and possible transitions between these. By 
playing back the motion data while 
sequentially traversing the motion tree, we can 
generate continuous animation for a character. 
Each motion type is assigned to a 
corresponding short motion. By selecting a 
motion type from a user’s control or motion 
rules, animation for a character is generated. 
Each character can have a different motion tree 
and motion rules or share these with other 
characters. If more than one character behaves 
in the same way (e.g., soldiers), they can share 
a motion tree and motion rules. If a user needs 
to acquire motion rules for more than one type 
of character simultaneously, an equivalent 
number of players must play together. 

4. Motion Rule Representation 

4.1 Support Vector Machine 

As explained earlier, we use a support vector 
machine (SVM) [1] to learn motion rules. The 
SVM is a popular pattern recognition technique. 
When there are training data in a feature space 
and each item of the training data belongs to 
one of two classes, the SVM calculates a 
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Figure 1 : Data flow in the proposed approach
 



hyperplane that minimizes the distance 
between the hyperplane and the closest training 
data for each class. The SVM is extended to 
multiple classes and non-linear hyperplanes by 
mapping the feature space to a latent higher 
dimensional space. We use a LIBSVM [2] for 
our implementation.  
Alternative recognition techniques, such as 
neural networks, Hidden Markov Models, k-
nearest neighbours, also exist. Compared to 
these, the SVM is considered to be robust for 
high dimensional and unknown data.  

4.2 Problems of SVM 

There are, however, two major problems in 
applying an SVM to our application. 
First, a large number of training data are 
required when using a high dimensional feature 
space. Even if only a few of the variables in the 
feature space are important for a motion, many 
training data are necessary to learn that. 
Without sufficient training data, classification 
becomes unstable and an unexpected motion 
may be selected. 
Second, it is difficult to tune the size of 
classification. The LIBSVM uses a Radial 
Basis Function (RBF) Kernel to partition the 
feature space and the radius of RBF, γ , must 
be specified by the user. However, the 
appropriate parameter depends on the regions. 
If the γ  parameter (radius) is too large, it 
cannot classify a region containing a large 
number of training data of different classes. On 
the other hand, if the γ  parameter is too small, 
a large region containing a small number of 
training data will be divided into smaller 
regions belonging to the wrong classes. 
These problems can be avoided if there are no 
regions too small and if many training data are 
available especially when these can be 
generated automatically using simulation [6][7]. 
In our application, however, subtle conditions 
(i.e., small regions in the feature space) may 
exist for some motions and training data must 
be acquired from humans. 

4.3 Layered SVM 

To solve the first problem, we introduce the 
layered SVM consisting of several SVM 
models that are constructed from different 
subsets of the feature vector, in addition to the 
SVM model created from the full set of the 
feature vector. At runtime, the system chooses 
the appropriate SVM model. First, we divide 

the feature space into a grid. Then, the 
appropriate level of SVM model is assigned to 
each cell of the grid, based on whether training 
data exist in the SVM model (Figure 2(a)). If 
there is not enough data at a higher level of the 
grid, the system uses a lower level of the SVM. 
If there is not enough data for any SVM model, 
it uses the lowest level of the SVM, because it 
is expected to be more reliable in this case. 

4.4 Adaptive Parameter 

To solve the second problem, we introduce 
adaptive parameters. As explained in the 
previous subsection, each SVM in the layered 
SVM is divided into a grid. We assign a 
different parameter to each cell of the grid. 
To realize this, we construct several SVMs 
using different parameters for each layer. Then, 
for each grid cell, we determine which SVM 
should be used (Figure 2(b)). The system 
calculates the recognition rate for each SVM 
using the training data at the cell and then 
chooses the best SVM for the cell. 

5. Experimental Results 

We have tested the proposed method on a 
football gaming application in which three 
characters, that is, offence, defence, and goal 
keeper, are controlled using gamepads. Each 
character can move in eight directions (Figure 
3(a)). In addition, the offence can shoot 
forwards towards the left, right, or center of the 
goal. If the defence or goal keeper touches the 
ball, he keeps the ball. The game ends when 
the offence scores or the opponents get the ball. 
We asked three subjects to play the game 
together and used their control logs to learn the 
motion rules for each character. In our 
experiments, we used the control logs of 20 
games (about two minutes). It took about 5 
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Figure 2: Two extensions to the SVM 
 



minutes to learn the motion rules on a Pentium 
4, 3.2GHz CPU. At runtime, animations are 
generated in real-time. The generated 
animations, included on the accompanying 
video, show all three characters being 
controlled autonomously using the learned 
motion rules.  

5.1 Evaluation of Adaptive Parameter 

First, we show the evaluation results for the 
effectiveness of the adaptive parameters. 
Figure 3 shows the learned SVM models for 
the offence using adaptive and fixed 
parameters ( γ = 0.001, 0.01, 0.1, 1, 10, 100, 
1000, 10000; although only 100 and 1000 are 
shown in the figure) in a two-dimensional 
feature space (offence’s position). 
With a small parameter (γ =100, Figure 3(c)), 
small regions are missing (see area A), whereas 
with a large parameter (γ =1000, Figure 3(d)) 
large regions are missing (see area B). Using 
our adaptive parameters (Figure 3(b)), 
appropriate parameters are chosen for each grid 
and both small and large regions are preserved. 

5.2 Evaluation of Layered SVM 

Next, we show the evaluation results for the 
effectiveness of the layered SVM. As shown in 
Table 1, we construct four layers of SVM 
models with different feature vectors. 
The generated animations are shown on the 
accompanying video. With a higher 
dimensional model (Model 1), even when the 
offence gets close to the goal and is expected 
to shoot, this sometimes does not happen 

because no training data exist for a shoot 
motion matching the defence position. With 
the layered SVM, in this case, the defence 
position is disregarded and a shoot motion is 
executed adaptively using the lower 
dimensional model (Model 3). If the defence 
position needs to be considered (e.g., when 
heading a goal while avoiding the defence), a 
higher dimensional model is used. 

6. Conclusion 

In this paper, we proposed a method for 
constructing motion rules from control logs. 
By introducing a layered mechanism and 
adaptive parameters to the SVM, we realized 
plausible motion from small control logs. 
Future work includes determining how many 
control logs are necessary and applying our 
method to real applications with higher 
dimensions. In addition, instead of using 
control logs, by analyzing motion capture data 
of several performers, we can learn motion 
rules and construct a motion graph [8] at the 
same time. Pursuing this alternative approach 
is included in our future work. 
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Table 1: Layered SVM models for the offence
No. Feature vector Dim.
1 offence, defence, keeper positions 6
2 offence, defence positions 4
3 offence, keeper positions 4
4 offence position 2



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


