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(57) ABSTRACT 

The present invention provides a system that increases a 
user’s control over character animation. Time-dependent 
signals are accepted from a user input device. The input is 
processed in real-time such that the user’s input can be used 
to directly control the animation of an animated character. 
For example, the animation of a three-dimensional rendered 
character swinging a golf club in a golf game can be changed 
in mid-swing according to the user’s operation of an input 
device. In general the system accepts user continuous and 
real-time user input. The user is given improved control and 
visual feedback on the movement being animated. One 
embodiment of the invention includes an analog input 
module, a control state machine module and an animation 
state machine module. The analog input module is con?g 
ured to receive user analog input (e.g., from an analog 
joystick) related to animated character display and to nor 
maliZe the user analog input to create a normalized user 
analog input. 
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SYSTEM AND METHOD FOR PROVIDING USER 
INPUT TO CHARACTER ANIMATION 

CROSS-REFERENCES TO RELATED 
APPLICATIONS 

[0001] This application is a continuation of US. applica 
tion Ser. No. 11/269,135 ?led Nov. 7, 2005 Which is a 
continuation of US. application Ser. No. 10/227,184 ?led 
Aug. 21, 2002, Which is incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] The present invention relates, in general, to anima 
tion systems and, in particular, to systems and methods for 
providing user input to character animation. 

[0003] It is common for conventional animation systems, 
such as those employed in modern video game console 
systems, to include devices for accepting user input related 
to character animation. FIG. 1 is a simpli?ed block diagram 
of a conventional system 100 for providing user input for 
character animation. Conventional animation system 100 
includes a user input module 110 for accepting user input, a 
central processor unit (CPU) 120 for processing the user 
input using algorithms and a display module 130 (e.g., a 
video display With three-dimensional graphics) for display 
ing an animated character. Typically, user input is accepted 
at user input module 110 from either a digital joy pad that 
provides an “on state” or an “off state” in multiple direc 
tions, or from an analog joystick that provides scalar values 
in tWo axes. 

[0004] One drawback of conventional animation systems 
is that user input is limited. When limited user input is 
applied to an animated character, the result can be animated 
character movement that is too loosely controlled by the user 
to result in satisfying and accurate game play. For instance, 
if a user is providing input to an animated golfer sWinging 
a golf club, the user Would typically be expected to press a 
button one or more times in a given time period, t, to 
represent the poWer of the animated character’s golf shot. 
The time period t is then input to a predetermined function, 
fn(t), that controls the visual feedback to the user provided 
by the display module (e.g., a sWing animation representing 
a sWing of the golf club at a speci?c shot poWer). With this 
approach, the user may not receive any visual display 
feedback until Well after the user’s input has been provided. 
Some conventional animation systems alWays display a 
single animation and the function fn(t) may be used to 
modify an aspect of the animation other than the animated 
golfer, such as the ?ight of a golf ball struck by the animated 
golfer. 
[0005] Additional draWbacks of conventional animation 
systems are that the feedback loop, from user input to visual 
display, is discontinuous and therefore not real-time. For 
example, the user may have to select or specify parameters 
of a movement before the movement begins. The movement, 
or animation cannot be modi?ed once it has begun. This is 
not lifelike since actually human body movements can be 
modi?ed at any time. Also, often the user is only alloWed to 
provide a binary input, as from a sWitch, to specify a 
continuous movement in an analog feedback loop. 

SUMMARY OF THE INVENTION 

[0006] The present invention provides a system that 
increases a user’s control over character animation. Time 
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dependent signals are accepted from a user input device. The 
input is processed in real-time such that the user’s input can 
be used to directly control the animation of an animated 
character. For example, the animation of a three-dimensional 
rendered character sWinging a golf club in a golf game can 
be changed in mid-sWing according to the user’s operation 
of an input device. In general the system accepts user 
continuous and real-time user input. The user is given 
improved control and visual feedback on the movement 
being animated. 

[0007] One embodiment of the invention includes an 
analog input module, a control state machine module and an 
animation state machine module. The analog input module 
is con?gured to receive user analog input (e.g., from an 
analog joystick) related to animated character display and to 
normaliZe the user analog input to create a normalized user 
analog input. 
[0008] The control state machine module is con?gured to 
receive the normalized user analog input from the analog 
input module and to create a time-based state based thereon. 
The time-based state created by the control state machine 
module models an intent of the user With respect to the 
animated character. For instance, pulling back on the analog 
stick may be modeled to pulling back on a golf club. 

[0009] The animation state machine module is con?gured 
to receive the time-based state from the control state 
machine module and to create a list of animations and a 
blending percentage for combining the list of animations. 
The list of animations and blending percentage are based on 
the time-based state. The animation state machine is also 
con?gured to provide the list of animations and blending 
percentage to the animation display system. 

[0010] One embodiment of the invention provides a 
method for controlling a computer animation of human 
movement. The method uses a user input device coupled to 
a computer system. The method includes receiving a signal 
from the user interface device that changes over time; and 
using the received signal to control a computer animation of 
human movement generated by the computer system. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] FIG. 1 is a simpli?ed block diagram of a prior art 
animation system; 

[0012] FIG. 2 is a simpli?ed block diagram of a system 
according to one embodiment of the present invention 
operatively coupled to an animation display system; and 

[0013] FIG. 3 is a How diagram illustrating a sequence of 
steps in a process according to one exemplary embodiment 
of the present invention. 

DESCRIPTION OF EXEMPLARY 
EMBODIMENT OF THE INVENTION 

[0014] FIG. 2 is a simpli?ed block diagram of a system 
200 for providing user input for animated character display 
according to one embodiment of the present invention. In 
FIG. 2, system 200 illustrated as operatively coupled to an 
Animation Display System (ADS) con?gured to receive 
skeletal animation data and a Skeletal Display System (SDS) 
con?gured to receive skeletal vertex mapping data from the 
ADS. It should be apparent that FIG. 2 is a high-level system 
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description of a preferred embodiment and that many other 
approaches to character animation and control can be used. 

[0015] In general, any suitable system providing user 
interface, control, animation and display functions, or por 
tions thereof, can be suitable for use With the present 
invention. Examples of such systems include general pur 
pose computers such as personal computers, Workstations, 
etc.; game consoles, handheld computing devices, arcade 
games, simulators, etc. Such systems can be standalone or 
netWorked. Various hardWare architectures such as multi 
processing, distributed processing, dedicated logic, etc., can 
be used. Various softWare approaches can be employed 
including compiled or interpreted code, ?rmWare, micro 
code, etc. Functions of the invention can be performed in 
hardWare or softWare, as desired. 

[0016] For ease of illustration, aspects of the present 
invention are described With respect to an animated golfer. 
HoWever, it should be apparent that the present invention 
can be used to provide user input for the display of any 
animated character, including tWo-dimensional and three 
dimensional animated characters such as in sports or athletic 
events. Other applications are possible as Where a system is 
used to study anatomy, physical kinematics, to develop 
models or animation sequences, for simulation purposes, 
etc. 

[0017] System 200 includes analog input module 202, 
control state machine module 204 and animation state 
machine module (206). Analog input module 202 is con?g 
ured to receive user analog input. As used in the present 
application, “analog input” refers to time-based or time 
changing signals that are more continuous than discrete. For 
example, an analog joystick might use potentiometers to 
output a voltage level that is converted to a digital number 
via an analog-to-digital converter. Thus, the x-y position of 
the joystick is represented by numbers that can change 
continuously in real time. This is distinguished from an 
instantaneous type of input, such as a sWitch or button, that 
merely indicates one of tWo states. Other types of analog 
inputs can be pressure sensitive (e.g., a resistive or capaci 
tive load cell), distance or position detection using infrared, 
acoustic, radio frequency or other methods, image sensing, 
etc. 

[0018] A preferred embodiment of the invention normal 
izes the user analog input. For example, joystick movement 
can be calibrated so that the full extent of a vertical motion 
is determined and used to set upper and loWer bounds for 
vertical position values. For example, analog input module 
202 can receive user analog input (i.e., values) from a user 
analog control stick and then pass the values through a ?lter 
function to normalize the values. In a preferred embodiment, 
analog input module 202 is con?gured such that the receiv 
ing and normalization is conducted in real-time, as is knoWn 
in the art. 

[0019] If desired, analog input module 202 can also be 
con?gured to model and/or ?lter the values to, for example, 
compensate for poor quality of the user analog input. Fur 
thermore, the analog user input can pass the values through 
a calibration routine. Other processing, calibration or con 
ditioning of the input signals or values can be performed, as 
desired. 

[0020] The preferred embodiment uses the display “base 
frame rate” (BFR) as a timing reference. The BFR is usually 
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the rate at Which frames are displayed to a user on a display 
device. For example, in video-based systems the BFR is near 
30 frames per second (fps). It can be desirable to operate the 
analog input module at a BFR of the associated animation 
display system, as this Will avoid potential problems With 
time-based controller aliasing causing unWanted artifacts 
elseWhere in the system or in the associated analog display 
system. Alternatively, an interpolator function running at the 
BFR, but separated from a base analog input module thread, 
can be used for receiving the analog user input. 

[0021] Control state machine module 204 is con?gured to 
receive normalized user analog input from analog input 
module 202 and create a time-based state based on the 
received normalized analog input. Control state machine 
module 204 creates the time-based state such that it models 
the intent of the user With respect to an animated character 
being displayed by the animation display system. 

[0022] In the golf game example a user may provide input 
related to (i) a neutral sWing position of the animated golfer; 
(ii) a back sWing of the animated golfer associated With a 
user pulling back an analog joystick; and (iii) a forWard 
sWing of the animated golfer associated With the user 
pushing the analog joystick forWard. Since there is no 
physical concept of a forWard sWing Without a back sWing, 
the control state machine module can be con?gured, for 
example, to analyze a user’s back and forWard movements 
of the analog joystick over time to determine if they corre 
spond to a complete sWing, and if so, to pass a corresponding 
time-based state data to animation state machine 206. For 
instance, if the user pushes forWard on the analog joystick 
Without pulling back ?rst, the control state machine module 
can disregard the normalized user analog input created from 
such a user’s input. If, hoWever, the user pulls all the Way 
back on the analog joystick and then returns the analog stick 
to the neutral position, the control state machine module can 
consider that the user’s intention is a test sWing and Will send 
the appropriate time-based state to the animation state 
machine module. 

[0023] In the embodiment of FIG. 2, control state machine 
module 204 is con?gured to operate at the BFR of the 
associated animation display system and therefore updates 
the animation state (i.e., the time-based state) at the same 
frequency as the animation display system. Control state 
machine module 204 can also be con?gured such that 
“extemal factors” are incorporated in the time-based state. 
For instance, for an animated golfer in a video golf game, the 
choice of club may be handled automatically by the pro 
grammed game logic. When the user’ s ball is on the tee, then 
the game logic Will automatically select a driver. HoWever, 
When the user’s ball is on the green, the game logic may 
select a putter. This is an example of an external inputithe 
user Will still be moving the stick back and forth to simulate 
a golf sWing, but the Control state machine Will ensure that 
the user’s animated golfer either sWings With a driver or 
putts correctly, depending on the circumstance. 

[0024] Animation state machine module 206 is con?gured 
to receive the time-based state from the control state 
machine module, to create a list of animations and a blend 
ing percentage used for combing the list of animations based 
on the time-based state and to provide the list of animations 
and blending percentage to the analog display system for use 
in character animation. 



US 2007/0262998 A1 

[0025] For example, in the circumstance that system 200 
is providing user input to an animated golfer, animation state 
machine module 206 can create, based on the time-based 
state, an animation list that includes a single back sWing 
animation and a single forWard sWing animation each 
blended (i.e., combined) at 100%. Alternatively, animations 
state machine 206 can create an animation list that includes 
a plurality of animations, each With its oWn relative blending 
percentage. This is an advantage because the variety of user 
inputs far outWeighs the ability to provide a unique anima 
tion for each one. By using a subset of animations repre 
senting the limits of the required animation range and a 
percentage blending factor betWeen each range, an limited 
set of animations can cover the entire range of user input. 
For example, an animated golfer from a golf simulation 
video game, the animation state machine module may create 
a list of animations that includes a hook animation (A) and 
a slice animation (B) and a blending percentage (n). By 
blending those animations together using the equation: 

Where n is the blending percentage, the animation state 
machine module can provide for numerous variations 
betWeen a hook and a slice in the character animation. If n 
is set to 0 then the user Will hook the shot, if n is set to 1 then 
the user Will slice and if n is set to 0.5, then the user Will hit 
a straight shot. The ability to provide numerous variations 
(based on a list of animations and a blending percentage(s)) 
that model a user’s intention in real-time provides a user 
With an exceptional level of control and feeling of feedback 
With respect to the character’s animation. 

[0026] In the embodiment of FIG. 2, animation state 
machine 206 is also con?gured to track the system’s position 
in an animation cycle. Such tracking is bene?cial since 
control state machine module 204 can cause non-linear time 
changes in the animation (e.g., When a user moves a joystick 
faster or sloWer to simulate different sWing speeds of an 
animated golfer). Since, animation display system systems 
are time-based systems, Where the next frame to be dis 
played is displayed n time units from the current one, the 
ability to move forWard or backWard during character ani 
mation requires that system 200 have the ability to track the 
current position in the animation so it can pass the correct 
time-period for the next frame. This non-linear aspect of 
system 200 alloWs system 200 to provide an extremely 
accurate modeling of user intent. 

[0027] FIG. 3 is a How chart, respectively, illustrating a 
sequence of steps in a process 300 according to one exem 
plary embodiment of the present invention providing user 
input for animated character display on an animation display 
system (e.g., a video game display system or a three 
dimensional animation display system). The process 
includes ?rst receiving user analog input related to animated 
character display and normalizing the user analog input, 
thereby creating normalized user analog input (see step 310 
of FIG. 3). The user analog input can be received from, for 
example, an analog joystick and the receiving and normal 
ization can proceed at a BFR of the animation display 
system. 

[0028] Subsequently, a time-based state is created based 
on the normalized user analog input, as noted at step 320 of 
FIG. 3. This time-based state models an intent of the user 
With respect to the animated character. Referring top step 
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330, a list of animations and a blending percentage(s) for 
combining the list of animations based on the time-based 
state is then prepared. At step 340, the list of animations and 
blending percentage(s) are then provided to an animation 
display system for controlling character animation. The 
animation display system can employ a skeletal display 
system, bones, joints, and skeletal vertex mapping along 
With the list of animations and blending percentages When 
during character animation display. 

[0029] Methods according to the present invention can be 
implemented, for example, on system 200 described above 
or other suitable systems. Furthermore, each of the receiv 
ing, creating, preparing and providing steps can be created 
at a BFR or a multiple of a BFR of the animation display 
system. 

[0030] It should be understood that various alternatives to 
the embodiments of the invention described herein may be 
employed in practicing the invention. For example, although 
the invention has been discussed primarily With respect to a 
joystick user input device, any type of user input device can 
be used such as a keyboard or keypad, digitizing tablet, 
trackball, touch-screen, light pen, motion or position sens 
ing, etc. 

[0031] It is intended that the folloWing claims de?ne the 
scope of the invention and that structures and methods 
Within the scope of these claims and their equivalents be 
covered thereby. 

What is claimed is: 
1. A method for controlling a computer animation of 

movement of an animated character, the method using a user 
input device coupled to a computer system that is to generate 
the computer animation, the method comprising: 

receiving a signal from the user input device that repre 
sents a user’s input by a time-based state, the time 
based state representing a user input that changes over 
time; and 

using the time-based state to control the computer ani 
mation of animated character movement generated by 
the computer system, Wherein the computer animation 
is independent of user body movement used in manipu 
lating the user input device. 

2. The method of claim 1, Wherein receiving a signal from 
the user input device comprises receiving a signal from an 
analog joystick. 

3. The method of claim 2, further comprising animating a 
golf sWing of the animated character. 

4. The method of claim 1, Wherein receiving a signal from 
the user input device comprises receiving a signal from the 
user input device at a multiple of a base frame rate of an 
analog display system. 

5. The method of claim 1, further comprising a step of 
modeling received user analog input. 

6. The method of claim 1, further comprising a step of 
?ltering received user analog input. 

7. The method of claim 1, Wherein the computer anima 
tion comprises a combination of a plurality of precon?gured 
animation sequences Wherein the particular combination 
used is determined by the time-based state. 
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8. A method for controlling a computer animation of 
movement of an animated character, the method using a user 
input device coupled to a computer system that is to generate 
the computer animation, the method comprising: 

receiving a signal from the user input device that repre 
sents a user’s input; and 

using the received signal to control the computer anima 
tion of animated character movement generated by the 
computer system, Wherein the computer animation is 
independent of user body movement used in manipu 
lating the user input device and Wherein the computer 
animation comprises, for at least one received signal, a 
blending of a plurality of precon?gured animation 
sequences Wherein the particular blending used is 
determined by the user’s input. 
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9. The method of claim 8, Wherein receiving a signal from 
the user input device comprises receiving a signal from an 
analog joystick. 

10. The method of claim 9, further comprising animating 
a golf sWing of the animated character. 

11. The method of claim 8, Wherein receiving a signal 
from the user input device comprises receiving a signal from 
the user input device at a multiple of a base frame rate of an 
analog display system. 

12. The method of claim 8, further comprising a step of 
modeling received user analog input. 

13. The method of claim 8, further comprising a step of 
?ltering received user analog input. 


