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WORKING WITH
MOTION CAPTURE
F I L E  F O R M A T S

oy am I glad that 3D acceleration hardware is here to stay. I’m

sure you all feel as liberated as I do by not having to write

all that basic polygon stuff. Clipping, sorting, and draw-

ing pixel-by-pixel is about as dull as 3D programming

gets. Now I have all this great hardware to do the mind-

numbingly dull texture mapping and Z-buffering for me. I

also have the render speed and horsepower to do some

really interesting stuff. What am I going to do with all

this spare time? Really cool real-time 3D characters!

Sure, we’ve all seen real-time 3D characters. We’ve even

seen real-time 3D characters with a restricted use of ani-

mation. However, there have been so many limitations,
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and we all want so much more. We
want realism, but how do we go about
fulfilling these sick desires? The
answer: motion capture.

Motion Capture

L et’s face it, motion capture is hot.
In the last couple of years, motion

capture has spread everywhere — from
movies to television commercials,
from sports titles to action games,
even to click-and-explore adventures.
Publishers are climbing all over each
other trying to get the words “Motion-
Captured 3D Characters” on their
boxes. A lot of hype has been loaded
onto those words, often to the player’s
disappointment. As usual, our expecta-
tions exceed what the technology can
truly deliver. But we’re getting so
much closer; we have new ripping
hardware and the experience from
past-generation motion capture down-
falls. Yet the desire for more keeps
increasing.

The hype has gotten so over-the-top
that for the last couple of years, I’ve
been threatening to put out VIRTUA

HANGMAN as a demo at E3. I can just
see it, these realistic real-time 3D char-
acters marching up to the gallows as
you relentlessly guess letters. If we
want to be cliché, we could even have
a 3D character turning the letters.
Now that would be an excessive use of
technology.

While I wouldn’t consider using
motion capture for characters better
suited to traditional keyframing,
motion capture technology clearly has
a place in game development. Luckily,

the techniques needed for
programmers to apply
motion capture data to real-
time characters work equally
well with any type of anima-
tion data, be it keyframed,
motion captured, or animat-
ed through procedural
dynamics.

The Need

L et’s imagine a scenario in
which your brilliant pro-

ducers have assigned you,
the programmer, to develop
a real-time 3D character-

based game. They have charged you
with the tasks of designing the game
engine and creating the production
pathway. For a variety of design, bud-
getary, and staffing reasons, you’ve
decided to use motion capture to sup-
ply the bulk of your animation data.

Your first task is to decide where
you’re going to get this data. It does-
n’t really matter whether you have
your own capture setup or a service
bureau is doing it for you — plan on
plenty of cleanup time. Motion cap-
ture is not simple. The data needs
quite a bit of massaging to get it ready
for the game, and you can get in trou-
ble by underestimating the amount of
post-production work the data needs.
You also need to be aware that motion
capture data is specific to the hierar-
chy and body dimensions of the per-

son captured. It’s possible, but tricky,
to scale this motion to other body
types and sizes. However, I would rec-
ommend getting all your data from
one session with one capture artist.
This will make your life much easier
in the long run.

Still, as an experienced production
company, you won’t be burdened
with these details because your pro-
ducers have budgeted the motion cap-
ture session correctly. Now you need
to decide how you want this data to
come to you. Other formats exist, but
the Biovision (.BVA/.BVH) formats
and the Acclaim Motion format are
the big ones, and all the service
bureaus and animation packages sup-
port these.

Your file format decision depends on
your application and engine needs.
You can bring these formats into a
commercial animation package and
export the data from there, but the for-
mats are very compact and easy to use
with your own tool set. 

Definition of Terms

I ’ll refer to the character that you
apply motion capture data to as a

skeleton. The skeleton is made up of
bones. To create the character’s look,
you attach geometry or weighted
mesh vertices to these bones. The
attributes that describe the position,
orientation, and scale of a bone will
be referred to as channels. By varying
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SSeeggmmeenntt::      HHiippss

FFrraammeess::        2299

FFrraammee  TTiimmee::  00..003333333333

XXTTRRAANN YYTTRRAANN ZZTTRRAANN XXRROOTT YYRROOTT ZZRROOTT XXSSCCAALLEE YYSSCCAALLEE ZZSSCCAALLEE

IINNCCHHEESS IINNCCHHEESS IINNCCHHEESS DDEEGGRREEEESS DDEEGGRREEEESS DDEEGGRREEEESS IINNCCHHEESS IINNCCHHEESS IINNCCHHEESS

00..000000000000 3344..551199668844 00..000000000000 --1144..998888003399 --1122..224400660044 --33..448811115555 ......

00..110022774488 3344..007788773399 33..115599997799 --1155..333377665544 --1144..332200441133 --33..998833440077 ......

00..226600668800 3333..883366661133 66..448877889955 --1166..330088772233 --1155..009900779999 --33..886611226600 ......

...... RREEPPEEAATTSS  FFOORR  AA  TTOOTTAALL  OOFF  2299  FFRRAAMMEESS

SSeeggmmeenntt::      CChheesstt

FFrraammeess::        2299

FFrraammee  TTiimmee::  00..003333333333

XXTTRRAANN YYTTRRAANN ZZTTRRAANN XXRROOTT YYRROOTT ZZRROOTT XXSSCCAALLEE YYSSCCAALLEE ZZSSCCAALLEE

IINNCCHHEESS IINNCCHHEESS IINNCCHHEESS DDEEGGRREEEESS DDEEGGRREEEESS DDEEGGRREEEESS IINNCCHHEESS IINNCCHHEESS IINNCCHHEESS

00..227722115566 3388..999933556611 --11..119999998811 --44..002222775533 --00..441111008888 11..335544661111 ......

00..441133559977 3388..554422667711 11..993322666666 --44..337711226633 --00..559911113300 11..110000888877 ......

00..556600556688 3388..227799880000 55..118844992299 --55..002200008822 --00..665577002200 00..776688886633 ......

......FFOORR  TTHHEE  RREESSTT  OOFF  TTHHEE  SSEEGGMMEENNTTSS

L I S T I N G  1 . Sample Biovision .BVA file.



the value in a channel over time, you
get animation. These channels are
combined into an animation stream.
These streams can have a variable
number of channels within them.
Each slice of time is called a frame. In
most applications, animation data has
30 frames per second, though that’s
not always the case.
BIOVISION’S .BVA FORMAT. This is probably
the easiest file format to handle. It’s
directly supported by most of the 3D
animation packages. Let’s take a look at
a piece of a .BVA file (Listing 1).

This is as simple as animation data
gets. For each bone in the skeleton (or
what Biovision calls Segments), there
are nine channels of animation. These
represent the translation, rotation, and
scale values for each bone for each
frame. You’ll also notice that there is
no hierarchy definition. That’s because
each bone is described in its actual
position (translation, rotation, and
scale) for each frame. This can lead to
problems, but it sure is easy to use.

Figure 1 shows the hierar-
chy of a sample .BVA file.

In Listing 1, we see that
HHiippss  as the first bone
described. There are 29
frames of animation in the
HHiippss. The frame time is
described as 0.03333 seconds
(per frame), which corre-
sponds to 30 frames per sec-
ond. Next comes a descrip-
tion of the channels and
units used, then the actual
channel data. There are 29
lines of nine values, fol-
lowed by a segment block
that describes the next bone,
and so on, continuing to the
end of the file. That’s all there is to it.
BIOVISION’S .BVH FORMAT. This format is
similar to the .BVA format in many
respects. In practice, I know of no off-
the-shelf way to import this file format
into Alias|Wavefront or Softimage,
although Biovision’s plug-in, Motion
Manager for 3D Studio MAX, reads it.

Still, it’s an easy-to-read ASCII format
that can be useful for importing and
storing animation data. Obtaining data
in this format should be easy because
the format is supported by many
motion capture devices and service
bureaus. 

The .BVH format differs from the
.BVA format in several key areas, the
most significant of which is that .BVH
can store motion for a hierarchical
skeleton. This means that the motion
of the child bone is directly dependent
on the motion of the parent bone.
Figure 2 shows a sample .BVH format
hierarchy.

In this sample, the bone HHiippss is the
root of the skeleton. All other bones
are children of the HHiippss. The rotation of
the LLeeffttHHiipp is added to the rotation and
translation of the HHiippss, and so on.

This hierarchy will certainly compli-
cate the game engine’s render loop.
Why would you want to bother? You
can do many more interesting things if
your motion is in a hierarchy. Let’s
take the example of wanting to com-
bine a “walk” motion with a “wave”
motion. In the .BVA format, there is no
relationship between the LLeeffttUUppAArrmm and
the HHiippss. If we were to apply a different
motion to the different bones, nothing
would stop them from separating. A
motion hierarchy allows you to com-
bine such motions fairly easily. Also,
should we ever want to add inverse
kinematics or dynamics to the game
engine, a hierarchy would make this
possible.

Listing 2 shows a fragment of a .BVH
file. The word HHIIEERRAARRCCHHYY  in the first line
signifies the start of the skeleton defini-
tion section. The first bone that is
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HHIIEERRAARRCCHHYY

RROOOOTT  HHiippss

{{

OOFFFFSSEETT 00..0000 00..0000 00..0000

CCHHAANNNNEELLSS  66  XXppoossiittiioonn  YYppoossiittiioonn  ZZppoossiittiioonn  ZZrroottaattiioonn  XXrroottaattiioonn  YYrroottaattiioonn

JJOOIINNTT  LLeeffttHHiipp

{{

OOFFFFSSEETT 33..443300000000 00..000000000000 00..000000000000

CCHHAANNNNEELLSS  33  ZZrroottaattiioonn  XXrroottaattiioonn  YYrroottaattiioonn

JJOOIINNTT  LLeeffttKKnneeee

{{

OOFFFFSSEETT 00..000000000000 --1188..446699999999 00..000000000000

CCHHAANNNNEELLSS  33  ZZrroottaattiioonn  XXrroottaattiioonn  YYrroottaattiioonn

JJOOIINNTT  LLeeffttAAnnkkllee

{{

OOFFFFSSEETT 00..000000000000 --1177..995500000011 00..000000000000

CCHHAANNNNEELLSS  33  ZZrroottaattiioonn  XXrroottaattiioonn  YYrroottaattiioonn

EEnndd  SSiittee  

{{

OOFFFFSSEETT 00..000000000000 --33..111199999999 00..000000000000

}}

}}

}}

}}

......

}}

MMOOTTIIOONN

FFrraammeess::          2200

FFrraammee  TTiimmee::  00..003333333333

00..0000 3399..6688 00..0000 00..6655 ......

......

L I S T I N G  2 . Sample Biovision .BVH file.

F I G U R E  2 .  .BVH file

hierarchy.

F I G U R E  1 .  .BVA file

hierarchy.



defined is the RROOOOTT. This bone is the par-
ent to all other bones in the hierarchy.
Each bone in this hierarchy is defined as
a JJOOIINNTT. Braces contain the root and each
joint. All joints within a set of braces are
the children of that parent joint.

Within each braced block is the
OOFFFFSSEETT and CCHHAANNNNEELLSS  definition for that
bone (or JJOOIINNTT). The OOFFFFSSEETT  describes dis-
placement of the root of the bone from
its parent. This (x,y,z) coordinate is the
world coordinate offset from the par-
ent bone. In the example, the HHiippss  bone
is located at offset (0,0,0) and the
LLeeffttHHiipp  is 3.43 world units away from
the HHiippss  in the x axis.

The CCHHAANNNNEELLSS line defines which
bone parameters will be animating in
the file. The first parameter is the
number of channels animated for
this bone. Next is a data type for each
of these channels. The possible types
are: XXppoossiittiioonn, YYppoossiittiioonn, ZZppoossiittiioonn,
XXrroottaattiioonn, YYrroottaattiioonn, and ZZrroottaattiioonn. Note
that the scale channels have been
dropped in the .BVH format.
Normally, only the root bone has any
position data — the rest of the bones
have only rotational data and rely on
the root and the hierarchy for their
position. The CCHHAANNNNEELLSS can be in any
order. This order defines the
sequence in which the operations
need to be processed in the playback.
For example, in the LLeeffttAAnnkkllee joint,
the order of channels is ZZrroottaattiioonn
XXrroottaattiioonn  YYrroottaattiioonn, meaning that the
bone is first rotated around the z
axis, then the x axis, and finally the y
axis. This becomes important when
we try to display the data.

The branch of the hierarchy ends
with the EEnndd  SSiittee joint. This joint is off-
set is only useful in determining the
length of the last bone.

Following the HHIIEERRAARRCCHHYY section is the
MMOOTTIIOONN  section. This section actually
describes the animation of each bone
over time. As in the .BVA format, the
first two lines of this section describe
the number of frames and the time
for each frame. However, unlike the
.BVA format, the next lines describe
the animation for all the bones at
once. In each line in the rest of the
MMOOTTIIOONN section, there is a value for
every CCHHAANNNNEELL described in the HHIIEERRAARRCCHHYY
section. For example, if the HHIIEERRAARRCCHHYY
section describes 56 channels, there

will be 56 values on each line of
the MMOOTTIIOONN section. That continues
for the total number of frames in
the animation.

That’s it for the .BVH format.
While it’s a bit more complex, it
gives the programmer designing the
engine greater flexibility.
ACCLAIM SKELETON FORMAT. This is the
most complicated of the three file
formats. It’s also the most compre-
hensive, and supported by most of
the 3D animation packages. An
Acclaim motion capture file is actual-
ly made up of two files; the .ASF,

which describes the actual skeleton and
its hierarchy, and the .AMC file, which
contains the motion data. The separa-
tion of these two files has a nice benefit.
In a single motion capture session, you
can have one .ASF file that describes the
skeleton and multiple .AMC motion
files. The Acclaim format is such a tech-
nical and complex file format that this
overview may not provide all the need-
ed information. Documents describing
the format in greater detail are available
on the Game Developer web site
(http://www.gdmag.com).

The .ASF file is
similar to the
HHIIEERRAARRCCHHYY section
of the .BVH file
in many ways.
Both files
describe the
joints and the
hierarchy, but
the .ASF file
extends this a
bit. Listing 3 dis-
plays a portion
of an Acclaim
.ASF file.

In this file for-
mat, lines begin-
ning with a
pound sign (##)
are ignored. The
.ASF file is divid-
ed into sections.
Each section
starts with a key-
word preceded
by a colon. The
section contin-
ues until anoth-
er keyword is
reached. The
::vveerrssiioonn, ::nnaammee,
and ::ddooccuummeennttaattiioonn

section are self-explanatory. The ::uunniittss
section describes a definition for all
values and units of measure used. 

The ::rroooott section describes the parent
of the hierarchy. The aaxxiiss and oorrddeerr ele-
ments describe the order of operations
for the initial offset and root node
transformation. The ppoossiittiioonn element
describes the root translation of the
skeleton and the oorriieennttaattiioonn element
defines the rotation.

The ::bboonneeddaattaa  keyword starts a block
that describes all of the remaining
bones in the hierarchy. Each bone is
delimited by bbeeggiinn and eenndd statements.
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This bone description section is what
makes the Acclaim format very useful.

The iidd  and nnaammee elements describe
the bone by number or string. The ini-
tial rest position of the bone is
described by the ddiirreeccttiioonn vector, and
the lleennggtthh  describes the physical length
of the bone. The aaxxiiss parameter
describes the global orientation via an
axis vector, and the token letters xxyyzz
describe the order of rotations. Not
included in the sample are two option-
al elements: bbooddyymmaassss, which defines the
mass of the bone, and ccooffmmaassss which
pinpoints the center of mass via a dis-
tance along the bone.

The ddooff element describes the degrees
of freedom possible in the bone. This is
a list of tokens. The possible values are

tx, ty, tz, rx, ry, rz, and l. The first of
these six define freedom to translate
and rotate around the three axes. The
last ddooff defines the bone’s ability to
stretch in length over time. Each of
these tokens represents a channel that
will be present in the .AMC file in that
order. The order of these channel
tokens also describes the order of opera-
tions in the transformation of the bone.

The lliimmiittss element is very interesting.
It describes the limits of the degrees of
freedom. It consists of value pairs of
either floats or the keyword iinnff, mean-
ing infinite. This information can be
useful for setting up an inverse kine-
matic or dynamic 3D character.

The next section in the .ASF file is
::hhiieerraarrcchhyy. Just as it sounds, it describes
the hierarchy of the bones declared in
the ::bboonneeddaattaa section. It’s a bbeeggiinn…eenndd

block in which each line is the parent
bone followed by its children. From
this information, the bones should be
connected together in the proper hier-
archy. Figure 3 displays the hierarchy
in the sample .ASF file.

The .AMC file defines the actual chan-
nel animation. Listing 4 contains a sam-
ple .AMC fragment. Each frame of ani-
mation starts with a line declaring the

frame number. Next is the bone anima-
tion data, which is comprised of the
bone name and data for each channel
defined for that bone. This information
was defined in the ddooff section of each
bone in the .ASF file. The frame sections
in the file continue until the end of the
file. After the complexity of the .ASF file,
the .AMC looks pretty simple.
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::FFUULLLLYY--SSPPEECCIIFFIIEEDD

::DDEEGGRREEEESS

11

rroooott  --11..224444220055  3366..771100118866  77..559911889999  00..995588116611  44..119900004433  --1188..228822999911

hhiippss  00..000000000000  00..000000000000  00..000000000000

cchheesstt  1155..551111777766  --22..880044999966  --00..772255331144

nneecckk  4488..555599660055  00..000000000000  00..001144223366

hheeaadd  --3388..333322666611  11..446622778822  --11..775533668844

lleeffttccoollllaarr  00..000000000000  1155..995588778833  00..992211116666

lleeffttuuppaarrmm  --1100..331199668855  --1155..004400000033  6633..009911119944

lleeffttlloowwaarrmm  --2277..776699117766  --1155..885566665588  88..118877001166

lleefftthhaanndd  22..660011775533  --00..221177006644  --55..554433777700

rriigghhttccoollllaarr  00..000000000000  --88..447700007766  22..889955000088

rriigghhttuuppaarrmm  66..449966114422  99..555511558833  --5577..885544111188

rriigghhttlloowwaarrmm  --2266..998833449900  1111..333388227766  --55..771166337777

rriigghhtthhaanndd  --66..338877774455  --11..225588550099  55..887766006699

lleeffttuupplleegg  2233..441122226622  --55..332255991133  1122..009999339955

lleeffttlloowwlleegg  --66..993333444422  --66..227766005544  --11..336633999966

lleeffttffoooott  --11..887777664411  44..445555666677  --66..227755002222

rriigghhttuupplleegg  2200..669988669966  33..118899669900  --88..337777224444

rriigghhttlloowwlleegg  33..444455884400  --66..771177112222  22..004466003322

rriigghhttffoooott  --88..116622331144  00..668877880099  99..000000226644

22

rroooott  --44..223322443322  3366..772233993344  99..559966110000  --77..005511114477  11..667788111177  --77..771111993377

hhiippss  00..000000000000  00..000000000000  00..000000000000

cchheesstt  3311..886633449999  --1199..001177111111  66..449900554477

......

L I S T I N G  4 . Sample .AMC file.

F I G U R E  3 .  .ASF file hierarchy.

::vveerrssiioonn  11..1100

::nnaammee  BBiiooSSkkeelleettoonn

::uunniittss

mmaassss  11..00

lleennggtthh  11..00

aannggllee  ddeegg

::ddooccuummeennttaattiioonn

DDaattaa  ttrraannssllaatteedd  aanndd  pprroovviiddeedd  bbyy

BBiiooVViissiioonn  MMoottiioonn  CCaappttuurree  SSttuuddiiooss

::rroooott

aaxxiiss  XXYYZZ

oorrddeerr  TTXX  TTYY  TTZZ  RRZZ  RRYY  RRXX

ppoossiittiioonn  00..00  00..00  00..00

oorriieennttaattiioonn  00..00  00..00  00..00

::bboonneeddaattaa

bbeeggiinn

iidd  11

nnaammee  hhiippss

ddiirreeccttiioonn  00..000000000000  11..000000000000  00..000000000000

lleennggtthh  00..000000000000

aaxxiiss  00..0000000000  00..0000000000  00..0000000000  XXYYZZ

ddooff  rrxx  rryy  rrzz

lliimmiittss  ((--118800..00  118800..00))

((--118800..00  118800..00))

((--118800..00  118800..00))

eenndd

bbeeggiinn

iidd  22

nnaammee  hhiippss11

......

eenndd

::hhiieerraarrcchhyy

bbeeggiinn

rroooott  bbooddyy__rroooott11

bbooddyy__rroooott11  hhiippss

hhiippss  hhiippss11  hhiippss22  hhiippss33

......

eenndd

L I S T I N G  3 . Sample Acclaim .ASF file.



You should be aware of one impor-
tant aspect of the Acclaim and .BVH
formats. While both formats can store
rotations in arbitrary order, both
Softimage and Alias|Wavefront expect
the order of rotations to be tx, ty, tz, rx,
ry, rz. This is important if you plan on
going back and forth between the game
engine and one of these packages.

Working with Data

O nce you have your data in a for-
mat that you’re happy with, it’s

time to start working on it. I’ve created
an application that loads motion cap-
ture files of different formats and
allows the user to play them back. You
can download it from the Game
Developer web site. When full produc-
tion kicks in, such tools are very useful
for file conversion and formatting.
Also, it serves as a good test application
to try out new ideas and benchmark
code. 

I decided to create the motion cap-
ture viewer as a MFC OpenGL applica-
tion — I find it very quick and easy to
create tools this way. If you’re careful
about how you design the tool, much
of the code can be used directly in the
game engine itself. Figure 4 shows a
sample animation that has been loaded
into the application.
DATA REPRESENTATION. As we saw from
the different file formats, there are
several ways to store the animation
data from a motion capture session.
The most important data is the order
of rotations in each stream. You may
remember from 3D matrix math that
matrix multiplication is noncommu-
tative (see “Inspecting the 3D

Pipeline,” Casey
Muratori, Game
Developer,
February/March 1997,
pp.38-41). The order in
which you perform
these operations is criti-
cal to getting the
expected result.

Because I wanted my
motion capture viewer
to support several differ-
ent file formats, it was
important to take opera-
tion order into account.
I created a series of

stream IDs that describe the order of
channels in each stream. 

Listing 5 shows the stream types that
I’ve needed. These are not all the possi-
bilities, but they are the ones that I’ve
found useful. By creating separate
stream types for single operations such
as SSTTRREEAAMM__TTYYPPEE__TTRRAANNSS and SSTTRREEAAMM__TTYYPPEE__RRXXYYZZ, I
decrease stream size while animating.
This operation isn’t as important when
the animation can fit in RAM, but it
becomes critical when you have to
stream animation off of a CD-ROM or
the Internet.

Next, I created a data structure to
represent a bone (Listing 6). I chose to
store the transformation information
as separate scale, translation, and
rotation vectors instead of a global
transformation matrix. This made it
much easier to handle the different
channel types. I also find the rotation
values, called Euler angles, easy to
understand while debugging.
Conversion to and from quaternions
for animation or a transformation
matrix can also be done easily. Once
the data format for a game engine is
set, this can be optimized. 

Looking at the pprriimmSSttrreeaammTTyyppee,
pprriimmSSttrreeaamm, and pprriimmFFrraammeeCCoouunntt fields, it
seems curious that I would want to
have a motion stream for each bone.
It would certainly be easier to have
one animation stream that contains
all the data for all the bones in the
skeleton. However, this method allows
the flexibility to have different stream
types per bone. This can be useful
because it allows me to attach com-
pletely different motions to the indi-
vidual bones. Imagine a character in a
walk cycle. The legs and hips are
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M O T I O N  C A P T U R E

//////  SSTTRREEAAMM  DDeeffiinniittiioonnss  //////////////////////////////////////////////////////////////////////////////////////////////////////////////

##ddeeffiinnee  SSTTRREEAAMM__TTYYPPEE__NNOONNEE 00 ////  NNOO  SSTTRREEAAMM  AAPPPPLLIIEEDD

##ddeeffiinnee  SSTTRREEAAMM__TTYYPPEE__SSRRTT 11 ////  SSCCAALLEE  RROOTTAATTIIOONN  AANNDD  TTRRAANNSSLLAATTIIOONN

##ddeeffiinnee  SSTTRREEAAMM__TTYYPPEE__TTRRAANNSS 22 ////  SSTTRREEAAMM  HHAASS  TTRRAANNSSLLAATTIIOONN  ((XX  YY  ZZ))  OORRDDEERR

##ddeeffiinnee  SSTTRREEAAMM__TTYYPPEE__RRXXYYZZ 44 ////  RROOTTAATTIIOONN  ((RRXX  RRYY  RRZZ))  OORRDDEERR

##ddeeffiinnee  SSTTRREEAAMM__TTYYPPEE__RRZZXXYY 88 ////  RROOTTAATTIIOONN  ((RRZZ  RRXX  RRYY))  OORRDDEERR

##ddeeffiinnee  SSTTRREEAAMM__TTYYPPEE__RRYYZZXX 1166 ////  RROOTTAATTIIOONN  ((RRYY  RRZZ  RRXX))  OORRDDEERR

##ddeeffiinnee  SSTTRREEAAMM__TTYYPPEE__RRZZYYXX 3322 ////  RROOTTAATTIIOONN  ((RRZZ  RRYY  RRXX))  OORRDDEERR

##ddeeffiinnee  SSTTRREEAAMM__TTYYPPEE__RRXXZZYY 6644 ////  RROOTTAATTIIOONN  ((RRXX  RRZZ  RRYY))  OORRDDEERR

##ddeeffiinnee  SSTTRREEAAMM__TTYYPPEE__RRYYXXZZ 112288 ////  RROOTTAATTIIOONN  ((RRYY  RRXX  RRZZ))  OORRDDEERR

##ddeeffiinnee  SSTTRREEAAMM__TTYYPPEE__SS 225566 ////  SSCCAALLEE  OONNLLYY

##ddeeffiinnee  SSTTRREEAAMM__TTYYPPEE__TT 551122 ////  TTRRAANNSSLLAATTIIOONN  OONNLLYY  ((XX  YY  ZZ))  OORRDDEERR

##ddeeffiinnee  SSTTRREEAAMM__TTYYPPEE__IINNTTEERRLLEEAAVVEEDD 11002244 ////  TTHHIISS  DDAATTAA  SSTTRREEAAMM  HHAASS  MMUULLTTIIPPLLEE  SSTTRREEAAMMSS

//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////

L I S T I N G  5 . SSTTRREEAAMM definitions from SSkkeelleettoonn..HH..

F I G U R E  4 .  A sample animation in OGLView.



affected by the wwaallkk stream. Suppose I
then attach a wwaavvee stream to the right
arm. Now I have a walking and wav-
ing character. We can also begin to
plan for the possibility of blending
animations together to create dynam-
ic motions on the fly.
DISPLAY METHODS. Now that I have all
this data loaded, I have to display it
in a way that provides the most infor-
mation possible. In my tool, I chose
to represent each bone of the skeleton
as an axis. The axes are colored red
for x, green for y, and blue for z. An
arrow indicates the positive direction
in each axis. Since I was using
OpenGL to create my motion capture
tool, this seemed like a good opportu-
nity to use display lists. Display lists
are a method that OpenGL uses to
optimize sequences of commands.
Listing 7 contains the OpenGL com-
mands that I used to create a simple
colored axis.

I also created a hierarchy browser
using the CCTTrreeeeCCttll class in MFC. This
gives a nice visual representation of
how the skeleton is laid out. From
there, it’s easy to add dialog boxes to
edit bone settings, a more proper ani-
mation control window, andso on.

The animation is all handled via a
Windows timer event. This isn’t the
fastest way to animate a Windows
application, but it’s plenty fast for this
demonstration. There’s a very good dis-
cussion on animating OpenGL
Windows applications in Ron Fosner’s
book, OpenGL Programming for Windows
95 and Windows NT. I recommend this
book and the OpenGL Super Bible by
Wright and Sweet to any Windows
OpenGL programmer.

The source code and executable for
this application, along with sample
motion files and two documents describ-
ing the Acclaim file format can be found
on the Game Developer web site. ■
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////  CCRREEAATTEE  TTHHEE  DDIISSPPLLAAYY  LLIISSTT  FFOORR  AANN  AAXXIISS  WWIITTHH  AARRRROOWWSS  PPOOIINNTTIINNGG  IINN

////  TTHHEE  PPOOSSIITTIIVVEE  DDIIRREECCTTIIOONN  RReedd  ==  XX,,  GGrreeeenn  ==  YY,,  BBlluuee  ==  ZZ

ggllNNeewwLLiisstt((OOGGLL__AAXXIISS__DDLLIISSTT,,GGLL__CCOOMMPPIILLEE));;

ggllBBeeggiinn((GGLL__LLIINNEESS));;

ggllCCoolloorr33ff((11..00ff,,  00..00ff,,  00..00ff));; ////  XX  AAXXIISS  SSTTAARRTTSS  --  CCOOLLOORR  RREEDD

ggllVVeerrtteexx33ff((--00..22ff,,    00..00ff,,  00..00ff));;

ggllVVeerrtteexx33ff((  00..22ff,,    00..00ff,,  00..00ff));;

ggllVVeerrtteexx33ff((  00..22ff,,    00..00ff,,  00..00ff));; ////  TTOOPP  PPIIEECCEE  OOFF  AARRRROOWWHHEEAADD

ggllVVeerrtteexx33ff((  00..1155ff,,    00..0044ff,,  00..00ff));;

ggllVVeerrtteexx33ff((  00..22ff,,    00..00ff,,  00..00ff));; ////  BBOOTTTTOOMM  PPIIEECCEE  OOFF  AARRRROOWWHHEEAADD

ggllVVeerrtteexx33ff((  00..1155ff,,  --00..0044ff,,  00..00ff));;

ggllCCoolloorr33ff((00..00ff,,  11..00ff,,  00..00ff));; ////  YY  AAXXIISS  SSTTAARRTTSS  --  CCOOLLOORR  GGRREEEENN

ggllVVeerrtteexx33ff((  00..00ff,,    00..22ff,,  00..00ff));;

ggllVVeerrtteexx33ff((  00..00ff,,  --00..22ff,,  00..00ff));;

ggllVVeerrtteexx33ff((  00..00ff,,    00..22ff,,  00..00ff));; ////  TTOOPP  PPIIEECCEE  OOFF  AARRRROOWWHHEEAADD

ggllVVeerrtteexx33ff((  00..0044ff,,    00..1155ff,,  00..00ff));;

ggllVVeerrtteexx33ff((  00..00ff,,    00..22ff,,  00..00ff));; ////  BBOOTTTTOOMM  PPIIEECCEE  OOFF  AARRRROOWWHHEEAADD

ggllVVeerrtteexx33ff((  --00..0044ff,,    00..1155ff,,  00..00ff));;

ggllCCoolloorr33ff((00..00ff,,  00..00ff,,  11..00ff));; ////  ZZ  AAXXIISS  SSTTAARRTTSS  --  CCOOLLOORR  BBLLUUEE

ggllVVeerrtteexx33ff((  00..00ff,,    00..00ff,,    00..22ff));;

ggllVVeerrtteexx33ff((  00..00ff,,    00..00ff,,  --00..22ff));;

ggllVVeerrtteexx33ff((  00..00ff,,    00..00ff,,  00..22ff));; ////  TTOOPP  PPIIEECCEE  OOFF  AARRRROOWWHHEEAADD

ggllVVeerrtteexx33ff((  00..00ff,,    00..0044ff,,  00..1155ff));;

ggllVVeerrtteexx33ff((  00..00ff,,  00..00ff,,  00..22ff));; ////  BBOOTTTTOOMM  PPIIEECCEE  OOFF  AARRRROOWWHHEEAADD

ggllVVeerrtteexx33ff((  00..00ff,,  --00..0044ff,,  00..1155ff));;

ggllEEnndd(());;

ggllEEnnddLLiisstt(());;

L I S T I N G  7. Display list code from OGLView.CPP

I wish to give a special thanks to those
who contributed necessary information
and assets: House of Moves
(www.moves.com) and Biovision
(www.biovision.com) for sample motion
files; and Richard Hince of Probe and
Richard Barfield of Oxford Metrics Limited
for information on the Acclaim Motion file
format.

Acknowledgements

ssttrruucctt  tt__BBoonnee

{{

lloonngg iidd;; ////  BBOONNEE  IIDD

cchhaarr nnaammee[[8800]];; ////  BBOONNEE  NNAAMMEE

////  HHIIEERRAARRCCHHYY  IINNFFOO

tt__BBoonnee **ppaarreenntt;; ////  PPOOIINNTTEERR  TTOO  PPAARREENNTT  BBOONNEE

iinntt  cchhiillddCCnntt;; ////  CCOOUUNNTT  OOFF  CCHHIILLDD  BBOONNEESS

tt__BBoonnee **cchhiillddrreenn;; ////  PPOOIINNTTEERR  TTOO  CCHHIILLDDRREENN

////  TTRRAANNSSFFOORRMMAATTIIOONN  IINNFFOO

ttVVeeccttoorr bb__ssccaallee;; ////  BBAASSEE  SSCCAALLEE  FFAACCTTOORRSS

ttVVeeccttoorr bb__rroott;; ////  BBAASSEE  RROOTTAATTIIOONN  FFAACCTTOORRSS

ttVVeeccttoorr bb__ttrraannss;; ////  BBAASSEE  TTRRAANNSSLLAATTIIOONN  FFAACCTTOORRSS

ttVVeeccttoorr ssccaallee;; ////  CCUURRRREENNTT  SSCCAALLEE  FFAACCTTOORRSS

ttVVeeccttoorr rroott;; ////  CCUURRRREENNTT  RROOTTAATTIIOONN  FFAACCTTOORRSS

ttVVeeccttoorr ttrraannss;; ////  CCUURRRREENNTT  TTRRAANNSSLLAATTIIOONN  FFAACCTTOORRSS

////  AANNIIMMAATTIIOONN  IINNFFOO

DDWWOORRDD pprriimmSSttrreeaammTTyyppee;; ////  WWHHAATT  TTYYPPEE  OOFF  PPRRIIMMAARRYY  SSTTRREEAAMM  IISS  AATTTTAACCHHEEDD

ffllooaatt **pprriimmSSttrreeaamm;; ////  PPOOIINNTTEERR  TTOO  PPRRIIMMAARRYY  SSTTRREEAAMM  OOFF  AANNIIMMAATTIIOONN

ffllooaatt  pprriimmFFrraammeeCCoouunntt;; ////  FFRRAAMMEESS  IINN  PPRRIIMMAARRYY  SSTTRREEAAMM

ffllooaatt pprriimmCCuurrFFrraammee;; ////  CCUURRRREENNTT  FFRRAAMMEE  NNUUMMBBEERR  IINN  SSTTRREEAAMM

......

////  RREESSTT  OOFF  SSTTRRUUCCTTUURREE  DDEECCLLAARRAATTIIOONN

}};;

L I S T I N G  6 . Structure definition from SSkkeelleettoonn..hh.
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