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t. The arti
le presents a method for 
ompressing the representa-tions of 3D s
enes. It is a non-lossy 
ompression, based on a variation ofthe Hu�man algorithm and some ideeas taken from the LZ77 
ompressionmethod. The method des
ribed has been su

esfuly implemented and usedin a 
ommer
ial appli
ation.1. Introdu
tion3D graphi
s appli
ations need a representation of 3D s
enes they work on, forstoring or transmitting the information about the obje
ts. A 3D representationmust meet the following requirements:� it must be able to represent the 3D s
ene with enough a

ura
y for theappli
ation,� one must be able to 
onvert it fast enough to the representation requiredby the 3D engine or by other parts of the apli
ation,� it must be spa
e-eÆ
ient.There are two basi
 methods for des
ribing 3D obje
ts:(1) as geometri
 bodies(2) by voxelsAs the se
ond method leads to huge memory requirements, we will use the �rstone.In order to des
ribe the bounding surfa
e of a 3D body, two elements must bespe
i�ed:(1) the shape of that surfa
e(2) the opti
al properties of the surfa
eA body surfa
e 
an be approximated by an union of elements (or pat
hes),ea
h pat
h being a (�nite) fragment of a plane, of a Bezier surfa
e, or of a B-splinesurfa
e.The relevant opti
al properties of the pat
hes are:2000 Mathemati
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14 RADU-LUCIAN LUPS�A(1) the 
olor (or the texture of that surfa
e)(2) the re
e
tion model(3) the refra
tion modelThe last two properties are omitted from the less elaborated representations, asthey 
an be used for rendering by very 
ostly algorithms only (su
h as ray-tra
ing).If a pat
h has only one 
olor, we 
an represent its 
omponents; if there isa texture, we represent thar texture as a 2D image (using a normal 2D imagerepresentation format) and that image is mapped onto the pat
h.Having the pat
hes planar (that is, ea
h pat
h is a polygon, and the bodyis therefore a polyhedron) simpli�es the 
omputations but the edges are far toovisible in the rendering. There are rendering methods for smoothing the rendering;the best known are the Gouraud or Phong methods [1℄ [7℄. Any of those requiresan approximation for the (real) normal ve
tor in ea
h of the verti
es. However,
omputing the normals from the pat
hes 
orners only is pe
uliar be
ause some ofthe edges between the pat
hes are to be smoothed, and others are real edges. Forthat reason, some of the 3D representation formats expli
itly represent the normalve
tor of ea
h pat
h in ea
h 
orner.2. Standard 3D formatsSeveral 3D formats (for instan
e, .obj (for a front end for OpenGL) and .3ds(3D Studio) are 
onstru
ted the following wayFirst of all, we have a list of 3D points, a list of 3D ve
tors, a list of 2D points,and a list of 2D images (the latter being represented using a standard 2D format| for instan
e, gif, jpeg, ti�, and may even be stored in di�erent �les). Next wehave the des
ription of the fa
ets (pat
hes). Ea
h fa
et des
ription 
ontains:� the verti
es list� the list of the normals in ea
h vertex (in 
ase the fa
e is not planar sothe rendering should be smoothed)� the texturing image� the 2D points on the texturing image, 
orresponding to the fa
et verti
esEa
h of these pie
es of information are in fa
t the index, in the list at thebeginning of the �le, of the 
orresponding 3D point, 3D ve
tor, 2D image, or,respe
tively, 2D point. 3. Compressing the 3D s
eneThe methods des
ribed above still 
ontain a lot of redondan
y. Eliminating thisredondan
y would lead to a better 
ompression.In the following we will start from a .obj-like 3D format and will try to 
ompressit. The �rst sour
e of redondan
y 
onsists in the fa
t that a typi
al appli
ation willoutput the verti
es and ve
tors in approximatively the same order they are used
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et des
riptions. This sugests us to write in the 
ompressed �le the list ofdi�eren
es between the su

esive vertex indi
es of ea
h fa
e, and to 
ompress thosedi�eren
es using the Hu�man algorithm [4℄ [5℄, with some modi�
ations inspiredfrom other 
ompression te
hniques.The �rst 
hange will be to make an adaptative Hu�man algorithm. In theoriginal algorithm, the 
oding table is 
omputed in a �rst pass over the input �leand written into the 
ompressed �le; then the information is en
oded using thattable.The modi�ed algorithm will start with a �xed en
oding table. As it sees theinput data, it 
omputes the frequen
y table. At some prede�ned moments (forinstan
e, when the number of already-pro
essed symbols is a power of 2), theen
oding table is regenerated based onto the frequen
y table.The de
oder starts with the �xed en
oding table. Relying on it, the de
oder 
anread and de
ode the �rst symbols, till the �rst en
oding table re
omputing. Atthat time, the de
oder will have exa
tly the same frequen
y table as the en
oder,and therefore it will generate the same en
oding table, so it will be able to 
ontinuethe de
oding pro
ess.The se
ond modi�
ation 
on
erns the handling of rarely-used symbols. As wesaw earlier in this se
tion, the input symbols for the Hu�man 
ompression arethe di�eren
es between the indi
es of two su

esive points on a fa
et. Thesedi�eren
es, if the indi
es are 32-bit integers, lay in the interval �231 + 1::231 � 1,but values above a few hundreds are rare. For that matter, statisti
al data areirrelevant for predi
ting future o

uren
es of those values. So, we will slightly
hange the Hu�man algorithm the following way: for the Hu�man algorithm, wewill 
onsider all values outside the interval, let's say, �127::127 as being equal.this way, the Hu�man part sees 256 distin
t symbols, one for ea
h number in theinterval �127::127 and one for all the other numbers. For the numbers outsidethe interval �127::127 we output the Hu�man 
ode of that symbol plus 32 bitsrepresenting the a
tual value.Sometimes we have a se
ond sour
e of redondan
y in the point and ve
tor
omponents. Let's take the sequen
e of the x 
oordinates of the points. If thereare points grouped in planes orthogonal to the Ox axis, we get repeating values inthat sequen
e. So, instead of 
oding the a
tual values, we will 
ode the distan
efrom the last appearan
e of that value.4. Con
lusionsThe method des
ribed in the previous se
tion was implemented by the authorand is used in a 
ommer
ial appli
ation for sending des
riptions of 3D s
enes overthe Internet. The s
enes are output by a CAD-like program and are between300kB and 5MB in obj format. A simple 
onversion from text to binary redu
esthe size to one half, and a zip-like program redu
es it to 1=4::1=5 of the original
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ompression ratio aquired by the program using the method des
ribedabove is 1=8::1=10. Referen
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