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Real-time Reflection using Ray Tracing with Geometry Field
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Abstract

A novel method for accurate reflections in real time is introeld using ray tracing in geometry fields, which
combine light fields with geometry images. The geometry dietdsurface is defined ray space, mapping a ray
to its intersection point with the surface, represented tees uv coordinates on the geometry image. It makes
intersection tests much more efficient using lookups watimagment shader, and allows conventional textures to
be applied, such as normal maps, to enhance geometric sabtl®ur method can be generalized to also handle
refraction and self-reflection. Experimental results desteate its capability for accurate reflection for complex
scenes in real-time.

Categories and Subject Descript@scording to ACM CCS) |.3.3 [Computer Graphics]: Picture/lmage Generation
1.3.7 [Computer Graphics]: Three-Dimensional Graphiocd Bealism Raytracing

1. Introduction The light field LH96, GGSC96is one of the central con-
cepts in image based rendering, which maps a ray to the
color of the intersection point. Surface reflections havenbe
rendered using light fieldsY[YMO5], layered light fields
and layered depth imagekR98], and surface light fields
[WAA*00]. Ray classification AK87] records potentially
intersecting primitives in each cell of the 5D ray space dis-
cretization, and the virtual light fiel MKY04] extends the
Ray tracing is the most well known algorithm for achiev- idea and uses a light field data structure to propagate radi-
ing accurate renderings. Great efforts have been spent to ac ance for globally illuminated scenes.
celerate ray-tracing by designing special hardwsv& 505
[PBMHO02 CHHO02 WSEO04. Environment mappinggN76,
Gre84q is an alternative approach that provides fast reflec-
tion of the surroundings assuming the scene elements are
infinitely far away from the reflector. Localized environnben
maps BKALPOS offer better approximations for flat sur-
faces.

Inter-reflection among mirror objects has always been of
great interest in computer graphics. Handling reflections
with high accuracy in real time remains a challenge, due to
the expensive global computational process, especiatly fo
the intersection testing, which is not suitable for graphic
hardware.

The geometry imagedGHOZ represents a surface as an
image. The color at a pixel represents the position vector of
the surface. Similarly, a normal map represents the normals
of a surface by an image. Geometry images are generalized
to multi-chart geometry imageSWG*03], and smooth ge-
ometry imagesl[HSWO03.

The geometry field of a surfa&s a map, where the input

h developed | el is an incident ray, and the output is the texture coordinates
ages, we have developed a novel methgebmetry field of the first intersection point. SuppoSds represented as a

which converts intersection testing to table lookup. Hence geometry image (u,v), y is a ray inR3 intersectingS. The
th_e. compu_tational power of graphics hardware can_b_e fully " first intersection po7inp isr(up,Vp). Then the maG : y —
utilized. Without sophisticated data structures and ojatm (Up,Vp) is the geometry field of surfacB From (up, vp),

t|?ns, Iou_r S|mpledalgor|thfm has d?lmo_nStratgd the Cﬁpﬁb'“t the position and the normal gf can be obtained from the
of real time rendering of inter-reflections. Our method re- geometry image and the normal map.

sponds to the trend of fast increases in memory capacities.
In our experiments, we obtain convincing results using cur-  Conventional expensive intersection testings are reglace
rent graphics hardware. by simple table lookups in a precomputed geometry field.

Inspired by the work of light fields and geometry im-
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(a) Original surface (b) Texture parameter (c) Geometrygiena (d) Normal map
inR3 domain(u,v) r(u,v) n(u,v)

Figure 1: Geometry Field. Arayin RS intersects a surfac ata poinfp as shown in (a)é is the bounding box of the surface,
sandt are the intersection points gfwith C. p has a unique texture coordinatés, v) as shown in (b). The position pfand
the normal aip can be obtained from the geometry image (c) and (d), usingetttare coordinategu, v). A geometry field of a
§urface§ is map, the input is a rayin RS, the output is the texture coordinat@s v) of the intersection poirp betweery and
S.

Precomputing has been broadly applied for illumination in ometry images by conformal parameterizations, which help
[BF89 [SKSUO0], animation in BS94 and displacement to reduce the distortions. Figuiedemonstrates the geom-
map in WWT*04]. etry image of the David head surface. A ray is represented
by its two intersection points (in,out) with the boundingcbo
of the surface. Hence, the geometry field is a 4 dimensional
function.

The geometry field representation has several advantages.
First, it effectively reduces the memory cost. In general, a
geometry field is 4 dimensional. If the position, normal and
color material information are stored for each entry, tloe-st To construct the geometry field, we first construct a
age requirement will be extremely high. Instead, only the bounding box of the geometry image, then compute the in-
texture coordinates are stored, such that the size of a geome tersection points of rays with the box. We only consider rays
try field is within the memory capacity of current hardware. with two intersection points, the entranseand the exitt
Second, due to the regular structure of a geometry field, it and parameterize them using the point gait). Next, we
can be represented as a generalized texture. The whole ren-compute the intersection point of each ray with the geometry
dering algorithm can be implemented in common graphics image and record the texture coordinates of the one closest
hardware. The time cost is independent of the geometric tos. In order to speed up the intersection calculation, we use
complexity of the scene, and only dependent on the size of an octree structure to subdivide the cube. All the computa-
the geometry field. Figurgillustrates the concept of the ge-  tions are carried out in the local coordinates of the gegmetr
ometry field. image. The result is aBtlookup table and the internal rep-
resentation on the GPU is described in the next implementa-

Most real-time reflection methods make assumptions of . .
tion section.

the geometries of the reflectors or their geometric relation
to the scene. In contrast, the geometry field handles arbi-
trary surfaces and scenes without making any assumptions.
In experiments, we constructed geometry fields for compli- Geometry fields and geometry images are generated offline
cated surfaces, such as Michelangelo’s David head model in software. The run time rendering algorithms have been
with 10K faces. The inter reflections are computed using implemented on a NVidia’s GeForce 7800 graphics card.
the GPU at 6B PS The method can be generalized for self-
reflection and refraction as well.

3. Rendering with Inter-reflection

3.1. Data Structures

Each geometric obje@; is represented as a geometry field

2. Geometry Field GF, and a geometry imag8l;, which incorporates the posi-
The geometry field for a surface is a map which records tion, normal, material and texture information.
all ray/surface intersection information. It reduces tostc Furthermore, each geometric object is normalized in the

of intersection testing by table lookup in run time. Anim-  ynjt cube of the bounding box. Points on the 6 faces of the
plementation on graphics hardware can achieve high paral- ynjt cube are sampled uniformly and enumerated. So, the
lelism. The efficiency can be further improved by the regu- 4p geometry field is stored as ®2exture, with(i, j) rep-

larity of geometry images, which leads to large spatial co- resenting the indices for the in and out points on the unit
herence. cube. Each geometric object has a geometry field, which is

In our framework, all surfaces are represented as geome- stored as a single2texture. Each object may have multiple

try images. General triangular meshes are converted to ge-instantiations sharing the geometry field with differertzdb
frames.
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3.2. Algorithm Pipeline

Non-reflective surfaces are simply rendered using conven-
tional OpenGL fixed pipeline functionalities. Reflective-su
faces are rasterized with our geometry field-based vertex
shader and fragment shader. The vertex shader is conven-
tional but the fragment shader is capable of computing the
inter-reflection. We adapt simple convolution kernels {cur
rently linear) for interpolation when looking up in a geom-
etry field. The algorithm pipeline composes the following
steps:

. Calculate the eye ray in world coordinates.

. Calculate the reflection ragyin world coordinates.

. Calculate the local shadirpf the reflector surface.

. Trace rayyto get reflected colag;, blend it with the local
shadingc.

A WNPEF

The algorithm for tracing a ray is as follows:
Color TraceRay( Ray, Objectld i, int depth )

1. For each objedDj,i # j in the scene,

a. Transform the incoming ray starting point and the ray
direction from the world coordinate to the local frame
of O;j.

. Check if the ray hits the bounding box ©f (the unit

cube).

If the ray hits the box at pointsandt, converts andt

to the indices of the geometry fie@lF;.

Lookup the geometry fielG&F; to obtain the texture

coordinateguj, vj) of the intersection point.

e. If (uj,vj) is valid, lookup the position from the geom-

etry imageGF;j, compute the depttj. Otherwise, set
dj = <.

C.

d.

. Choose the neare@ty, vi), k = minj{d;}. If (u,Vv) is
valid, look for the position, color, and normal of the in-
tersection point from the geometry ima@dy, compute
the shading and blend it to the local colprand compute
the next level reflected ray.

. If the recursion depth exceeds the limit, retarOther-
wise, call TraceRay¥r, k, depth+1 ) to get the reflected
colorg;.

. Blendc andc;. Return the blended color.

4. Experimental Results

This section demonstrates the results for our algorithne. Th
experiments are applied on the windows platform with a
3.6GHzCPU, 35 RAM and NVidia’s GeForce 7800 GPU.

4.1. Preprocessing

We have tested our algorithms on triangular meshes, whose
complexities are up to tens of thousands of faces. The com-
plexity information and the performance of our algorithms
are detailed in Tabld. All geometry fields are of size of
(24x 24% 6)2.
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4.2. Real Time Rendering

In our real-time rendering system, the camera position, the
relative positions of reflected objects and mirror objeets ¢
be monitored interactively by users. Figure 2 shows the ren-
dering snapshots for inter-reflection among different ggom
tries. The frame rates are all around=6¥5 which are inde-
pendent of the geometric complexities.

In the first row, the first two figures show multiple David
heads reflecting on a mirror torus. Because the mirror distor
tion is directly calculated without approximation, all rtiul
ple reflection images are changing continuously on the torus
in our experiments. The second figure also illustrates tiat g
ometric features of David head’s hair in the mirror are ren-
dered with high fidelity. The next two figures of the first row
present that multiple instances of David head reflect on a
mirror ball.

Inter-surface reflections between two mirrored balls are
illustrated in the first two figures of the second row in Figure
2. From the snapshots, the mirror image of the red sphere is
shown on the blue sphere. In the center area of the mirror
image, the mirror image of the blue ball on the red ball is
also recognizable. This demonstrates the second level inte
reflection. The last two figures show inter-reflection betwee
sphere-David head and male-female faces.

5. Conclusions and Future Work

This paper has proposed a novel algorithm for real-time
inter-reflection by ray tracing based on a new object repre-
sentation, geometry field. A geometry field is a combination
of a light field with a geometry image, and it represents the
intersection point of a surface with an arbitrary ray a$a 4
lookup table.

Conventional intersection testing in ray tracing is repthc
by indexing a geometry field, such that real time inter-
surface reflection is achieved on current graphics hardware
The method is efficient, accurate and simple. Experiments
have shown the high quality of the reflection results and the
fast rendering speed in several examples.

Applications of geometry fields are not limited to reflec-
tion. It can be easily generalized for computing refraction
and self reflection. In the future, we will do research on-full
featured ray-tracing based on geometry fields in real time.

Table 1: Performance (in sec) of our preprocess algorithm.

Surface Triangular | Parame-| Geom.| Geom.

Faces| terization| Image| Field
Sphere 1,922 15 0.8 420
Torus 7,938 34 2.2 420
Female Face 50,000 130 9.5 432
Male Face 80,072 200 16 504
David Head 101,144 250 20 672
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Figure 2: Real timerendering results. Users can interactively manipulate the camera positiod tiue relative spacial relations
among the geometric objects in the scene. The inter-reflestire rendered in real time 80FPS.
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