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Abstract

Realistic image synthesis is a major area of interest irpatengraphics. One of the
major challenges of rendering images realistically is the actyeviull global illumination. The
goal is to be able to define a scene with objects and lights doedatole to render that scene to
make an image that looks real. Once the objects are definadhdltenge is to get the lighting
right. Lighting an image is a complicated process because lig#tasted, refracted, and
absorbed by objects. Light is basically everywhere. In order tandegehow much light that a
specific point on an object receives, it is necessary to knowdkerial properties of an object.
The material properties of an object determine how light intevattsthat object. For example,
glass will reflect and refract light whereas a mirrod wiily reflect it. Some materials will
absorb most light whereas others will reflect most of it. €rmethods used to render realistic
images include path tracing and photon mapping.

Introduction and Background

"Realistic image synthesis is the process of creating synthetges that are
indistinguishable from images (such as photographs) of the real wdjldThe goal of this work
is to explore methods of rendering an image within a reasonable amauné 0dnd having that
image look real. In order to achieve a realistic look in an imagenecessary to include global
illumination. This illumination is used to simulate the scattgand absorption of light in order
to accurately light any point in the model. Global illumination can eeli into four
categories: direct illumination, specular reflection, caus#icd indirect illumination. Direct
illumination is the light which goes directly to an object from a Igirce whereas indirect
illumination is the light which an object receives, but has bouncedsit bnce before it hits the
object. Specular reflection and caustics represent the ighhas been reflected from or
refracted through a specular object. A caustic results fromrbgistbending toward a particular
area and therefore, concentrating the light in that area. Ipwtemgraphics, it is common for
this global illumination effect to be generated through ray tracing.

Ray tracing, which is very popular in the area of optics, is veec¥e in calculating
direct illumination and mirror reflection/refraction. In orderachieve indirect illumination and
caustics, however, Monte Carlo methods of ray tracing are requiiteelidea of Monte Carlo ray
tracing is to distribute rays stochastically in order to accourdlfcight paths. Monte Carlo ray
tracing using a small number of stochastic rays introduces nois&@étmage. To eliminate this
noise, it is necessary to use a large number of rays to ¢alsulzh things as indirect lighting.
This makes sense because indirect lighting comes from an imfumtber of directions included
in the hemisphere about the normal of the particular point for wigbhrg is being calculated.
Bidirectional Monte Carlo ray tracing is useful in incorporating shadotesthe scene. It is
characterized by tracing rays from the light in order to indicateeibbject is blocked from the
light's point of view, and from the eye in order to indicate if thesobis visible.

Using a large number of rays to generate one image becomes a big predidlgrfast.



The use of a large number of rays is very time consuming. Setratabges have been used in
order to reduce noise and/or reduce the number of samples requieedd¢o an image. Photon
mapping and path tracing are both known methods which are used for renderiegt indir
illumination and caustics. Path tracing involves tracing a randondgted path back to the light
in order to calculate indirect illumination and caustics. Spatles, however, might become
very long before the light is hit. To eliminate long paths, ibimimon to disregard the incoming
light from a path that has become too long. Paths should only be followadéotain number of
bounces in order to minimize the rendering time. Photon mapping, orh#rehand, doesn't
require tracing a path until it hits the light. With photon mapping, ph@tnshot out from the
light and stored. Indirect light and caustics are determined batbd anmber of photons stored
around a particular point.

Comparison of Methods
Photon Mapping

The idea of photon mapping is to emit light from a light source. ligglgpresented as
photons, which are given a specific power and are shot out frongthieséiurce in random
directions within the unit hemisphere whose center is the norntlaé dight source. These
photons are stored in a photon map when they hit a diffuse surfabeyare bounced from a
specular or diffuse surface and stored when a diffuse surfade & tiffuse surface can either
absorb (store) a photon, or reflect it. Surfaces such as gtasdyasplit photons. They reflect
part of it and refract the other part of it. Henrik Wann Jemsevides C++ code for a photon
mapping class in his book on photon mapping[1]. His photon mapping class usesese Kal-
keep track of stored photons. He provides a function which gives ddéamce estimate for a
specified position in the scene. This function searches for disgenimber of photons up to a
specified maximum distance away from the given position. The dstpnaduced by this
function is a result of combining the power of all of the photons thaiitd in its search.
Figures 1, 2, and 3, are images of the irradiance estimateonBhntthese images were shot out
only towards the two specular objects in the scene. Both sphereglass and both reflected
and refracted the photons. The number of photons that were searched500,a100 and 50
respectively. Searching for 500 photons leads to getting an image thaptetigssmooth,
whereas searching for 50 photons leads to getting an image thatsmiesth.

These estimates are not directly used in the final illuminatidhe image. A ray tracer is
still used to compute the direct illumination. The indirect illnation, however, does make use
of the photon map. Rather than tracing random rays from object to abjéddhe light source is
hit, the power of the incoming indirect light is estimated usingtiedon map. Caustics are
calculated using the photon map and added into the final image as well.

Path Tracing

Path tracing is much simpler than photon mapping. Calculation of intigkthg using
path tracing is the same as indirect lighting using photon mapping etteetjs no photon map
to look up power when an indirect ray hits a surface. Instead insagésthe radiance by
stochastically bouncing the ray again in order to find the indirect ligthesurface. This is a
recursive process. The bouncing of rays continues until a light i3lhén the function returns
from the recursion. Figures 6, 8, and 10 were created using patigiraut the rays were only



Figure 1: Caustic estimate using 500 photons in  Figure 2: Causti@isusing 100
the irradiance estimate. photons in the irradiance estimate.

Figure 3: Caustic estimate using 50 photons in Figure 4: Globainlation using the
the irradiance estimate. photon map.



allowed to bounce a total of 5 times. After tiieb®unce, if the ray hasn't hit the light yet, no
power is returned. This is a source of noise in the images.

Path Tracing in Comparison with Photon Mapping

In figure 4, it is evident that there is no light source in the glpbaton map. This is
because the light source was excluded from the list of objeats. hbwever, included in the
rendering using path tracing. This provides for the differences betivedmightness of the
images create using photon mapping and the images using path traecgigotiteable that the
path tracing images look brighter.

The photon mapping images tend to have as much static as the pathitrexges that
were generated using 4 times as many samples as they werevedrade rendering time using
500 photons in the irradiance estimate tended to take about 4 titoeg &s the photon mapping
technique as it took in the path tracing technique. These feateradséave balanced each
other out when using 500 photons in the irradiance estimate (photon mappot@ssslow when
using less photons in the irradiance estimate). There areyéqQweher features to be taken into
consideration.

Upon examining figures 5 and 6, it can be found that the caustic in Brlagks sharper
than that of image 5. Henrik has beautiful pictures with very stargtics in his photon
mapping book[1], but figures 5 and 6 show that photon mapping doesn't always keepdies.
The actual look of the caustic, however does depend on the number of photanstiused
irradiance estimate and the maximum distance to search for ph@&djusting those values
might yield a better caustic. Photon mapping is supposed to "elemboége in the caustic” [1].

Random Ray Generation

When a ray is reflected off of a diffuse surface, it iss@#d in a random direction in the
unit hemisphere about the direction of the surface normal. IfdiSRe#émage Synthesis Using
Photon Mapping," [1] the method for generating random rays using sphericainatesds
shown. The random rays, however, are generated in a hemispherebgitisedactor of the
cosine. This biasing gives a desired effect.

In order to get the hemisphere to be a hemisphere about the surfaeg, nds necessary
to find two vectors which are orthogonal to each other and the normal atitkssen an
equation in Henrik's book[1] to get the desired set of random rays. Anetheis to take the dot
product of the generated ray and the normal and if the dot product isregfadithe generated
ray. When using this dot product method, it is necessary to biagythafter comparison with
the dot product and flipping. Otherwise, the biasing will be backwardsé flipped rays. A
third way would be to generate rays randomly on the unit sphere and addntia¢ tocthe
generated ray and then normalize the result. In this third metietiasing by a factor of the
cosine comes for free (the probability of a ray hitting the cenéer @f the unit hemisphere
should be higher than the probability of a ray hitting the edges).



Figure 5: This image was generated using Figure 6: This imaggenerated using
photon mapping with 256 samples. path tracing with 1024 samples.

Figure 7: 64 samples. Figure 8: 256 samples.



Figure 9: 16 samples. Figure 10: 64 samples.

Future Work and Conclusions

There are definitely tradeoffs between path tracing and photon mapgiotpniEnapping
has many advantages. One advantage of using photon mapping over other knownaehethods
achieving full global illumination is that it eliminates noiseigaustic. A disadvantage of it is
that photon mapping makes it easy to blur the edges of a caustic. Homehal caustics
require strict edges. Also, blurred edges of caustics could past that something is not right in
the implementation of photon mapping. An advantage of path tracing ifehedustic looks
pretty exact. A disadvantage is that it takes many samplésiioae noise in the caustic.

Future work on this project would be to compare ways of generating ramagsradjust
some details in the implementation of photon mapping and/or path tracinhop @tuer to get the
images to look the same. Also, it would be worthwhile to adjust saines to try to get the
caustic generated by photon mapping to look a bit sharper.
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