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Abstract Traditional methods reconstruct visual hulls explicitly
In this paper, a novel hybrid algorithm is presented foon CPUs and render them separately [22, 21]. Recently,
the fast construction and high-quality rendering of viprogress in graphics hardware has made it feasible to ac-
sual hulls. We combine the strengths of two compleeomplish both reconstruction and rendering on the GPU
mentary hardware-accelerated approaches: dient at interactive frame rates or even in real time. In such
structive solid geometrfCSG) rendering and texture cases, visual hull reconstruction is performed implicitly,
mapping-based visual cone trimming. The former apwhich is sufficient as long as our primary goal is to render
proach completely eliminates the aliasing artifacts inhethe object from novel viewpoints.

ent in the Iatter, whereas the rapid SpGEd of the latter Among the hardware-accelerated a|gorithm3, the one
approach compensates for the performance deficiency gfoposed by Li et al [ [17] exploits texture mapping hard-
the former. Additionally, a new view-dependent texturgyare to perform visual hull reconstruction and render-
mapping method is proposed. This method makes effing in a single pass and achieves high rendering speed.
cient use of graphics hardware to perfoper-fragment However, the use of projective texture mapping for re-
blending weight computation, which yields better renderconstruction causes aliasing artifacts between visual hull
ing quality. Our rendering algorithmis integrated in a disfaces generated from different visual cones. These arti-
tributed system that is capable of acquiring synchronize@cts become especially noticeable when the visual hull is
video streams and rendering visual hulls in real time or atxamined in a close view. This drawback is inherent and
interactive frame rates from up to eight reference viewScannot be completely overcome even if high-resolution

Key words: Image-Based Modeling and Rendering, \ADDUI images are used.
sual Hull, Hardware-Accelerated Rendering, CSG Ren- Another class of visual hull reconstruction algorithms

dering, Texture Mapping. utilizing graphics hardware are called direct CSG render-
ing methods, which consider front and back faces in ras-
1 Introduction terized image space and determines the intersection of a

In the past few years, real-time reconstruction and refet of 3D objects. The basic principle was presented by
dering from multiple views has been attracting much atGoldfeather et al. [[12] and later implemented on com-
tention because it can open the way to various attractiv@odity graphics hardware by Wiegand[29]. This method
app"ca’[ions such as 3D TV, interactive Computer gamég able to render visual hulls without the aforementioned
and sport analysis. A number of systems [18/21, 17] en@liasing artifacts. However, even accelerated by hard-
ploy Visual Hulls(VH) [L6] for shape representation andware, the performance of this algorithm is still relatively
demonstrate very promising results. slow due to high fill-rate consumption. As a result, it has
Theoretically, the exact visual hull is defined as thé'otyetbeenappliedin the context of real-time novel view
maximal shape that reproduces the silhouettes of a 3gynthesis.
object from any viewpoint [16]. According to this defi- Our hybrid approach takes advantage of both methods
nition, visual hull reconstruction is a straightforward pro-characterized above. It attains high quality from direct
cedure. We first back-project silhouette images from alLSG rendering while keeping the fast speed with the help
possible directions outside the convex hull of an objeatf the texture mapping-based approach. Additionally, we
and generate wisual conefor each view. The intersec- propose a view-dependent texturing scheme which fur-
tion of these cones produces the visual hull of the objecther improves the rendering quality by employing more
In practice, we can only consider a limited number of silaccuratger-fragmenblending weight computation. Our
houette images from which an approximate visual hull isendering algorithm is integrated in a distributed system
reconstructed. with a client-server architecture. Client computers are



responsible for acquisition of synchronized live video B
streams, while the server performs on-line rendering of
visual hulls of real dynamic objects in high fidelity at in-
teractive to real-time frame rates.

The remainder of this paper is organized as follows.
Sectior] 2 reviews some previous work. Section 3 briefly

Visual hull face

N

describes the principles of the two basic visual hull ren-

dering algorithms. Section 4 explains our hybrid render- v

. : . . . Ci s}%

ing algorithm in details. Section 5 presents our system ~ o

implementation and rendering performance. The paper 7

concludes with some discussions of future research di- Cz

rections. Figure 1: Principle of the texture mapping-based visual

cone trimming. ABC5, one of the visual cone faces ex-
truded from view Co, is being rendered. By multiply-
2.1 Visual hull reconstruction ing the alpha values projectively textured by view C and
Visual hull reconstruction methods can be classified int@’s, only the common part (cross-hatched) has the alpha
two categories: voxel-based and polyhedron-based apalue 1.

proach_es. The {'rSt a:jpproach dlscretlhzes a conlflne?] 3rIRapped onto recovered 3D geometry in order to achieve
space Into voxels and carves away those VOxels Whopg, igic rendering results [10]. For those parts visible

p.rojections fa.II outsi.de the silho_uette of any rel‘erenCﬁ1 several views, it is necessary to blend between these
view [22]. This carving process is often accelerated b¥iews to obtain smooth transitions. Meanwhile, view-

qctree data struc‘_[ures [27]' Hardwgre-accelerated ‘_"‘Igaépendent effects are achieved by view-dependent texture
rithms presented in [14, 18] render visual hulls by projec- apping[915]. This technique is also exploited to render

tively texturing a stack of planes. Related to visual hul extured visual hulls. Unlike with previous methods, we

reconstructlonS;)lgc:a Cgrvmq15d] ChE.Cks color consis- compute blending weights for each rasterized fragment
tency across multiple views and achieves more accurafeyie o of at each vertex. Our method is not only fast due

reconstruction results. However, itis too time-consuming . | \se of graphics hardware, but also more accurate
for real-time applications. A common drawback of a"and hence yields improved rendr-;ring quality
voxel approaches is the quantization problem coming '

from space tessellation. 3 Principles of Basic VH Rendering Algorithms

Polyhedron-based approaches represent each visg{;\i Texture mapping-based visual cone trimming
cone as a polyhedral object. Although visual hulls cag

be reconstructed by general 3D intersection of polyhe-he key _|dea of Li etal’s methoq ['”.] IS to trim ylsual
. . . ; cones with alpha maps (shown in Figlife 1). First, al-

dral visual cones[|3], the intersection computation be- . .

tween complex 3D objects is very sensitive to numeriPNa channels of silhouette images are set to 1 for fore-

cal instabilities. Matusik et al[ [21] make the intersec—ground.Objec.ts and to O for backg_round SCenes. G|\(en a

tion more robust and efficient by reducing it from 3D topovel viewpoint, each visual cone is rendered by project-

2D. Sullivan et al. [[26] fit polyhedral visual hulls with ing the images from all views except the one associated

triangular spline surfaces and produce smoother modeY\”.th the cone currently being drawn. In the texture units,

Theimage-based visual hukkchniquel[20] directly com- aﬁpha values from multiple textures are quulated. As
putes a view-dependent version of a visual hull for a de® result, only those fragm_ents projected with the alpha
sired view. Intersections between lines and polyhedr%g:ﬁg ifrgrr?ea(ljltthheer ?:Ze:n\gﬁgsaegog;izigg doztpgzzlta?:
visual cones are involved implicitly. Texture mapping- he al Hatest 9 y 9
based visual cone trimming [17] and direct CSG rendell- d p” ‘ Id h ihouette ed that b

ing [29,[25/13], the two hardware-accelerated algorithms cally, we would nave silouetie edges that can be
that form the basis of ours, are also polyhedron-based agP resenteq analytically, so that clear—cgt Intersections
proaches. Both compute intersections of polyhedral vi2e!" ON visual cone faces. -However, silhouette edges

sual cones in rasterized image spaces and thus avoid Oé_'npqsed by o_hscrete texe_ls are m?pPed onto 3D faces.
numerical instability problem completely is discretization causes jagged aliasing along intersec-

tion boundaries. A strong point of this method is its
2.2 Multi-view texture mapping speed. Since each visual cone is only rendered once, the
In the field of image-based modeling and rendering, origime complexity isO(n), wheren is the number of visual

inal images taken from multiple viewpoints are oftencones.

2 Previous Work



Valid region determination
(Texture mapping-based visual cone trimming)

¢

Target view
depth map rendering

(Direct CSG rendering)

'

Reference view
depth map rendering

(Texture mapping-based visual cone trimming)

Cu

.C: Target viewpoint {
Target view
Figure 2: Principle of the direct CSG rendering shown in textured visual hull rendering
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2D. Two visual cones extruded from Cy and Cs are in-
tersected. The intersection region is filled with horizontal ~ Figure 3: Work flow of our hybrid visual hull rendering
lines. The first depth layer is drawn in purple and the  algorithm. The texts in parentheses indicate the technique
second layer is colored in red and blue. The red parts are  utilized in each rendering step. They are described in de-
the intersection result rendered from the target viewpoint.  tail from Section 4.1 to Section 4.4.

The hollow circles are fragments behind the second layer.
The green circles are fragments in front of or on the sec-
ond layer.

tion, all visual cones are intersected with each other. Con-
sequently, the minimum number of depth layers is equal
to the number of visual cones (denotedhasThis means

that the time complexity of the CSG rendering method is

3'.2 Direct CSG R.endermg ~O(n?)in contrast taD(n) for the texture mapping-based
Direct CSG rendering methods 29,125, 13] exploit thgnethod.

stencil buffer to perform 3D Boolean operations and do
not have the aliasing problem mentioned above. The ba- Hybrid Visual Hull Rendering

sifc Ldea Is c_(l)ubnt]icfng fr(c);r_]t and back fac_es with the help, order to increase the quality of the texture mapping-
of the stencil buffer. Given a target view, we traversg, e method and to accelerate the performance of the
Fhrough all depth layers of front faces usidgpth peel- irect CSG rendering method, we propose a hybrid ap-
ing. For each layer, we set the depth test to *less or equ?g,roach combining the strengths of both. The whole ren-

and rasterize front faces of all objects. A stencil value i ring process consists of four steps (Figire 3) which are
increased by 1 if the associated fragment passes the deaﬁgcribed in the rest of this section

test. When back faces are rendered, we decrease the sten-
cil value if a fragment survives in the depth test. After al#.1 Valid region determination
depth layers are traversed, only those fragments in the ithen applying the direct CSG rendering to reconstruct
tersection parts are marked with the stencil values whidfisual hulls, polygons of visual cones have to be raster-
are equal to the total number of the objects. In the engzed multiple times. These polygons are usually very
a complete depth map of the visual hull for the currenfarge and consume a large amount of fill-rate capability
viewpoint is generated. As an example, the intersectioof graphics hardware. In practice, intersected results, i.e.
of two visual cones is illustrated in 2D using Figlie 2.visual hulls, only occupy part of the output window. We
For the second depth layer, two front-facing fragmentsall this partial region avalid region If we know this
pass the depth test along the viewing ray CA, and hengegiona priori, the fill rate can be greatly reduced by ap-
yield a stencil value of 2 (equal to the number of the viplying the scissor test. During the CSG rendering, an-
sual cones). For the viewing ray CB, two front-facingother operation also benefits from predicting the valid re-
fragments and one back-facing fragment pass the depjion. Thedepth peelingechnique needs frame-buffer-to-
test and produce a stencil value of 1. texture copying or rendering-to-texture operations when
Most direct CSG rendering methods [29,] 25] needweeping through all depth layers. With the knowledge of
depth buffer readback, which is their main performancéhe valid region, the copying or rendering operations can
bottleneck. Very recently, Guha et all_[13] utilize thebe carried out on this region only instead of the whole
depth peelingechniquel[11] to remove this requirementwindow area.
to gain higher performance. However, the number of ren- For the determination of the valid region, we employ
dering passes needed by this algorithm is the same as the texture mapping-based method to render the visual
number of total depth layers. In visual hull reconstruchull in a very small off-screen window (e.g. 80 x 60 pix-



els). Writing to the color buffer and to the depth bufferhardware-accelerated occlusion tests [7] and reducing the
are both disabled. The stencil buffer is only written wher@umber of rendering passes with two-sided stencil opera-
the visual hull covers. The stencil buffer is read back tdions [8].

the main memory, and a rectangular region enclosing tt1p3 Reference view depth map rendering

visual hull is calculated. This region is expanded by ong,. ., ... . . .
o . . isibilities with respect to reference views are critical to
pixel in order to tolerate some rounding errors introduce o ) .
X . . multi-view texture mapping. For those parts that are in-
by rendering a smaller version of the visual hull. In case

. . : . visible in a reference view, the corresponding color in-
the visual hull contains some thin features that might b . . ) ;
) . . ormation should be ignored when blending multiple tex-
missed during the down-sampling, we should use a larg

flires. Debevec et al. address this issue in object space

off-screen window or expand the region by more plxel. 9]. Triangles of objects are split so that they are either
As a last step, the rectangular region is scaled by the si - S ; .
ully visible or fully invisible to any source view. This

ratio between the final target viewport and the small off- .
) process takes a long time even for a moderately complex
screen window.

object and is not suitable for real-time applications.

Notjce that the aliasing artifacts of the texiure We handle the visibility problem in image space by
mapping-based visual hull rendering method do not havéamploying the hardware-accelerated shadow mapping al-
any effect on the valid region determination since onl

S . orithm [24], which needs a depth map for each reference
a region is needed here. As to the performance iss 2z] P p

X ew. Depth maps of the reference views can be gener-
although buffer readback operations are generally expegy, P P ¢

. : : . ed from the visual hull by either method discussed in
sive, reading the stencil buffer of a small window doe%ectiorﬂs. We choose the texture mapping-based method
not cost much.

because of its considerably higher speed. One concern is
4.2 Target view depth map rendering that depth maps produced using this method have aliasing

Once the valid region has been identified, visual cone¥tifacts and the quality is not as good as that produced
can be rasterized in the constrained area by applying th¥ the CSG method. In practice, however, due to smooth
CSG rendering method proposed by Guha et &l. [13P_Iending of multiple textures, the artifacts introduced by
The result is a depth map of visual hulls in the targethe quality difference of depth maps are hard to notice in
view. This depth map guarantees that the final visual huihe final rendering result.

rendering is free of jagged artifacts. Although this reng. 4 Textured visual hull rendering

dering step only produces depth maps, we include a fsjnce the depth map of a visual hull has already been cre-
nal rendering quality comparison (shown in Figlife 4) tQyeq for the target view as described in Secfion 4.2, we
demonstrate that the CSG method is able to generate signder the textured visual hulls by enabling the “equal”
nificanjtly better rendering results compared to the textUigepth test and rasterizing all visual cones using the multi-
mapping-based method. view texture mapping. Note that when a visual cone is
The original CSG method used by Guha et al. pefextured, the reference view corresponding to this cone
forms well for visual hull reconstruction as long as targetannot be used because it would project texels along sil-
viewpoints are outside of any visual cone. Once a targ@puette contours throughout the whole surfaces of the
ViEWpOint falls inside a visual cone, parts of the Visuabone_ In the fo”owing, we will discuss multi-view tex-
cone’s faces will be clipped by the near plane of the viewre mapping and explain how to achieve better render-

volume. This leads to Wrong face Counting and incorreqhg qua“ty using per-fragment b|ending We|ght Computa_
rendering results. Such limitation is undesirable in thggons.
context of novel view synthesis of visual hulls. . . .
: . . . View-dependent multi-view texture mapping

To solve this problem, we come up with an idea in- q btai h . giff
spired by Carmackgfail shadow volume algorithm [6] In order to obtain smofot trans,mons across different
and count front faces and back faces betwasimity wew;_, we repfrehsent a ragn?entg C(r)]lﬁr afs a convex
and the first visible rasterized fragment (The hollow cirSoMPination of the texture values in the reference views:
cles in Figur¢ P give examples). Accordingly, the updat- Zszl Wi Ty,
ing strategy for the stencil buffer is changed. A stencil C= ZN W, @)
value is decreased for front faces or increased for back k=1

faces when the depth tefstils. In this way, we produce . . A
. : . are the texture color and its associated weighting factor
correct counting results without worrying about the neaJ "o k-th input image, respectively. The weight,
- 3 . k

c!lppmg plane. -Apart from this mod|f|ca_t|qn, W€ PO~ - nsists of four components and is defined as follows:
vide some other enhancements to the original CSG ren-

dering method, such as terminating depth traversal using Wi = Vig ks Wi % Wi x Wig . (2)

whereN is the number of reference views, andW,



(a) (b) (e) ®
Figure 4: Quality comparison between visual hulls rendered by textured-mapping-based visual cone trimming and
direct CSG rendering. (a)(c)(e) employ the former method, whereas (b)(d)(f) apply the latter. (a) and (b) are rendered
in flat-shaded style. One can clearly observe the inter-penetrations along intersection boundaries. (c)(d)(e)(f) show
textured visual hulls. (e) and (f) are close views of the boxed regions in (c) and (d), respectively.

The first component}, is the visibility function with The constang? plays a similar role as the constamt
respect to the reference viéw Since the depth map cor- in Equatior 3. The addition of the numbeguarantees
responding to the view has been created as explained irthat W4 is hon-negative, which is necessary to obtain
Sectior{ 4BV}, can be easily determined by the standaré convex combination for the final pixel color. Some
shadow mapping algorithrh [24]. researchers [9.,1 5] represent this view-dependent weight

Wy is a feathering weight. It serves for eliminatingas a function of the angle betweép andd,. However,
seams that arise from sampling different reference viewsomputing the angle requires an inverse cosine operation.
at silhouette boundaries [10,128.]23]. The weight valueEhe accurate evaluation is very costly on current graph-
ramp down from 1 in the center area to 0 at the silhoueties hardware, whereas approximation by a table lookup
outlines. We apply a distance transformatibh [4] to theonsumes an additional texture image unit.
binary silhouette masks to obtain the feathering weigi]ger_
maps. These maps are computed in real time on client

computers. Then, they are embedded in the alpha chdR-Order to compute the weighting factdii,; andWi.q
nels of the silhouette images and transferred to the ref¢curately, the 3D coordinate associated with each frag-
dering server. ment must be used to determine the viewing vectlrs

Wi is referred to as the surface obliqueness weight. findd:. Most previous view-dependent texture mapping

penalizes surfaces that are oblique when observed fronfgthods [[2BL9.15] only employ vertex coordinates for
reference viewpoint. We use the following definition; ~ Weight computation and then perform a linear interpola-
_ tion across surfaces to obtain the weights for each frag-
Wis = max(d, en, 0)*. 3

) o X ) ment. However, in the case of hardware-accelerated vi-
For a pointp, which is associated with the fragmentg,,a| hy|l rendering, we do not have vertex information of

under consideration, the vectdy. is the viewing direc- ;5| hulls. The only available geometry entities are vi-

tion fromp toward thek-th reference camera. The vectorg 5| cones. In this case, the weight computation based on

n denotes the normal of the poipt The constantvis a 5 per-vertex basis has large errors and causes noticeable
tunable parameter that makes relative weight d'ﬁerenc?éndering artifacts.

larger.

The last weighting componenity, is dependent on
the target viewpoint. It gives a higher weight to the frag
ment whose reference viewing directidp is closer to
its target viewing direction/,. The weight function is
expressed as:

fragment blending weight computation

Fortunately, the vertex and fragment programmaubility
[2, (1] of recent graphics hardware can assist us in cal-
culating these weights on a per-fragment basis to achieve
high rendering quality. Our per-fragment view-dependent
texture mapping procedure proceeds as follows. First, 3D
coordinates of visual cone vertices and normal vectors
Wia = (dp @ dy + 1) . (4) of visual cone faces are passed to a vertex program [2],



# Reference views Rendering performance (fps)
3 27.0
4 13.2
5 8.8
6 6.4
7 4.7
8 4.0

Table 1: Performance of our hybrid visual hull rendering
algorithm.

rendering algorithm on a GeForce FX 5800 Ultra graph-
ics card.

Figure 5: Comparison of rendering quality between per- The distributed system runs on Linux. The high-level

vertex and per-fragment blending weight computations.  shading language Cd _[19] is employed to implement
(a) and (b) are rendered from the same viewpoint. (a) the per-fragment view-dependent blending algorithm pre-
Per-vertex weight computation. (b) Per-fragment weight  sented in Section 4.4. Our Cg code can be compiled into
computation. Rendering artifacts diminish considerably  |ow-level shaders suitable for different graphics hardware

because of more accurate weight computation. and different graphics APIs (e.g. OpenGL, Direct3D).
through which a 3D coordinate together with a normal Timings (ms)
vector is generated for each fragment by the graphics ras; w/ valid region | w/o valid region
terizer. Subsequently, our fragment prograhi [1] takes _ _ determination | determination
these inputs to compute the per-fragment weidhis, Valid region 5 N/A
andWp,. Both constants and 3 are empirically set to determlnatlon

a value of 5 in our implementation. The viewing vec- T?]z%etr\gﬁ\éve?ienpth 40 115

tor normalization in Equatioris 3 afid 4 is replaced by a Refere%ce view c?epth

normalization cube map [30] lookup for acceleration pur- map rendering 51 51
poses. In the same fragment prograip,is computed View-dependent

from the shadow maps, whilé/,,; and T}, are obtained texture mapping 96 300
from the alpha and color channels of the projective sil- Texture loading

houette textures. Finally, the fragment color is evaluated| and miscellaneous 58 58
according to Equatiop]1. We compare the rendering re- Total 250 524
sults using per-vertex and per-fragment weight computa-’ Overall performance|  4.0fps | 1.9fps |

tions in Figurg'b. ] - )
Note that this view-dependent texture mapping algOTable 2: Comparison of the rendering performance with

fithm is not restricted to visual hull rendering. Given arfi?d Without valid region determination. Eight reference

explicit 3D model and multiple reference views, it alsgViews are used. Timings of individual rendering steps are

achieves better rendering quality due to the more acclresented.

rate weighting function computation. We set the resolution of the rendered novel view to
_ 640x480 pixels and execute the hybrid rendering algo-
5 System Implementation and Performance rithm using various numbers of reference views from one

The whole rendering algorithm has been integrated intset of multi-view images. The average number of poly-
a distributed system. Eight pre-calibrated Sony DFW50Qons of each visual cone is about 50. The valid region oc-
FireWire cameras are deployed in a convergent fashionupies about one third of the entire viewport. Under this
They acquire video color images at 320x240-pixel ressetting, we have measured the rendering performance for
olution. Four camera-controlling client computers condifferent numbers of reference views shown in TdBle 1.
nect to a rendering server via a standard TCP/IP nefor eight reference views, we also render the visual hull
work. Each has an Athlon 1.1GHz CPU and acquirewith pure visual cone trimming and CSG methods. The
synchronized video at 15 fps. In addition, they are reframe rates are 7.5 fps and 2.9 fps, respectively.
sponsible for real-time image processing tasks, such asFurthermore, we compare the rendering performance
foreground/background segmentation, silhouette contowith and without using the valid region determination.
extraction and distance transformation. The server is Eablg[2 presents the comparison result as well as the tim-
P4 1.7GHz processor machine and carries out the hybriiidgs of individual rendering steps. Notice that the ren-



dering speed is approximately doubled when employindistortions. We are exploring new algorithms that are able
the valid region determination because both CSG renddp incorporate color consistency checks to overcome this
ing and final view-dependent texture mapping profit fronlimitation.

the scissor test. For depth map rendering in the referenceOur current system setup supports up to eight source
views, using the visual cone trimming method, it takevideo streams. Up to now, network transmission has not
51 ms to generate eight depth maps at 320x240-pixel rdseen a bottleneck. If more reference views are available,
olution. If the CSG method is employed, it takes aboubhowever, suitable compression and streaming techniques
130 ms according to our measurement. Obviously, theust be considered.

former method performs better. Another characteristic of

our rendering algorithm is that more graphics power i§eferences

consumed at the fragment stage. This suggests the gefit] OpenGL ARB. ARB_fragment_program OpenGL
metric complexity of visual cones does not degrade over-  extension. http://0ss.sgi.com/projects/ogl-sample/
all performance very much. In our tests, if the number  registry/ARB/fragment_program.txt.

of polygons of visual cones is increased by a factor of[2 OpenGL ARB. ARB_vertex_program OpenGL ex-
two, rendering speed slows down by about 10%. More  tensijon. http://oss.sgi.com/projects/ogl-sample/re-
snapshots of the visual hull rendering results from both  gistry/ARB/vertex_program.txt.

real video §tre§ms and synthetic animation sequences aﬁ] B. G. BaumgartGeometric modeling for computer

present(_ad_ln Flgu@ 6. ) ) vision PhD thesis, Stanford University, October
One limitation of our algorithm is that the number of 1974.

input silhouette images is restricted to the maximum of

texture coordinate sets available on the graphics hardwar[e4] ) i )

(eight in our case). However, we expect it will not take IMages. Comquer Vision, Graphics, and Image

long to see the debut of powerful graphics hardware with Processing34(3):344-371, 1986.

more texture resources. As a tentative measure, this limif5] C. Buehler, M. Bosse, L. McMillan, S. J. Gortler,

tation can be lifted by adding more rendering passes and and M. F. Cohen. Unstructured lumigraph render-

G Borgefors. Distance transformations in digital

compositing intermediate results in the frame buffer. ing. In SIGGRAPH 2001pages 425-432, August
2001.
6 Conclusions and Future Work [6] J. Carmack. zfail stenciled shadow volume ren-

In this paper we have presented a hybrid hardware- dering. Unpublished correspondence. http://develo-
accelerated algorithm to render high-quality visual hulls ~ Per.nvidia.com/attach/5628. Early 2000.

from multi-view video sequences. The performance[7] HP Corporation. HP_occclusion_test OpenGL ex-
ranges from interactive frame rates to real time depending  tension. http://oss.sgi.com/projects/ogl-sample/re-
on the number of reference views. Compared to analyt-  gistry/HP/occlusion_test.txt.

ical intersection methods, our algorithm works robustly [8] NVidia Corporation. EXT stencil two side
also for highly complex objects since all intersections OpenGL extension. http://oss.sai.com/ErojeEts/ogI—
are performed in image space. The two algorithms that sample/registry/EXT/stencil_two_side.txt.

form the basis of our approach, texture mapping-base - i
visual cone trimming and direct CSG rendering, benefitcﬂg] P.' E, D.ebevec, G. Bor;hukov, and Y. Z. Yu'. Eff|.-
from each other. The inherent aliasing problem limit- ;Ir?)?éc\g\%v-tii?uergdrir:pg?r?gge-lljgtsheollzl:?ongoﬁgrr:?cyth

ing the former method is elegantly solved, and the lat- .
ter method'’s slow performance is accelerated. Addition- Rendering Workshopages 105-116, June 1998.

ally, rendering quality of textured visual hulls has beed10] P. E. Debevec, C. J. Taylor, and J. Malik. Mod-

improved thanks to per-fragment view-dependent texture  €ling and rendering architecture from photographs:

mapping. A hybrid geometry- and image-based approach. In
There are several directions into which our work canbe ~ S!GGRAPH 1996pages 11-20, 1996.

extended. Reconstructed visual hulls often exhibit som@1] C. Everitt.  Interacive order-independent trans-

regions which are invisible from any reference view. parency. http://developer.nvidia.com/object/Interac-

These regions are currently drawn in black. Itis desirable  tive_Order_Transparency.html, 2002.

to interpolate color information from the local neighbor-[12] J. Goldfeather, J. P. M. Hultquist, and H. Fuchs. Fast
hood to fill in these holes. constructive-solid geometry display in the pixel-

Since visual hulls are only approximations to actual 3D powers graphics system. ISIGGRAPH 1986
shape, the geometric inaccuracies often introduce texture pages 107-116, 1986.
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Figure 6: Visual hull rendering results. All images are generated from eight reference views. Each view is rendered
at least 20° away from the closest reference view. Real video streams are used to render (a) and (b). Synthetic
animation sequences are employed to create (c) and (d). Two demonstration videos are available on our website
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