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1. Context: 
 

For this project, I’ve decided to implement a 

more realistic lighting by recreating the effect that 

micro-particles like dust or water create in the light 

transport, also known as participating media. In 

order to achieve it, I needed to change the ray 

tracing rendering that I had in the previous 

milestone by a photon mapping rendering, which 

involved implementing the photon emission, transmittance and storing (the kd-tree was already 

implemented but changing it to store photons instead of triangles was also an adventure), plus 

rendering the scene using what I previously stored in the photon map by throwing rays and 

collecting the photons near the intersection point.  

Once the basic photon mapping was done, I had to extend it so it would also compute the effect 

of the participating media, which involved computing the scattering effect of the previously thrown 

photons, saving them in the volume map and, as before, computing the final radiation of the light 

by interpreting what the volume map contains by using ray marching (walking from the beginning 

of the ray to the collision point collecting the photons we have around step by step). 

 

 

 

 

  

Figure 1 

Figure 2 
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2. Analyzing renders: 
 

Once everything was implemented, I started playing with some of the values and I noticed 

some interesting changes in the lighting and the scene. Next I’m going to be mentioning those 

variables and the effect they created: 

Number of photons emitted: 
As you could imagine, increasing the amount of photons that the light source emits 

increases the quality of the illumination and the change in the lighting is not that obvious, 

reducing also the dot effect that the scene has. 

The reason for not doing it is the lack of memory: In normal photon mapping the number 

of emitted photons can be increased as we will only be saving the photons colliding with the 

surfaces, but with participating media we must save every photons that interact with any 

particle, which increases noticeably the amount of memory needed. 

 

Irradiance radius: 
This is the radius we use when getting the photons that we have around the desired point. 

Knowing this, is easy to see that increasing or reducing it will directly affect the smoothness 

in the illumination as we have a bigger searching area to know how the photons’ power changes 

through the scene. 

The drawback is that increasing the radius will also increase the render time as we have to 

go through more photons for each point.  

Figure 3: Left, 10 million photons; Right, 500 thousand photons 



CS 500 – Laura Barrenengoa 

 

Ray marching steps: 
This is the number of steps we decide to take from the starting point of the ray to the 

intersection point. Similar and related to what we have said before, the result will be more 

accurate as we increase the number of steps but it will also be more expensive as we will need 

to compute the radiation around more points and then add the result to the radiation computed 

in the intersection point. 

 

Figure 5: Left, 50 steps; Right, 30 steps 

Figure 4: Left, radius 0.4; Right, radius 0.6 
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Scattering coefficient: 
With this coefficient we can change the probability that the ray has to be scattered (collide 

with a particle from the participating media) and, because of that, change its direction. We are 

not changing the power of the photon when reacting to this kind of collision because we are 

assuming the volume of the particles is so small we can ignore it. If there is no volume, there 

is nothing that can absorb our energy. 

If this coefficient is too big, the light will scatter a lot near the light concentrating the 

radiation in that area, which gives as a result a really shinny “cloud” around the light source. 

If the value of the coefficient is small, the light won’t have any problem to reach to the 

collision point without being scattered which gives as a result a scene with a very low 

participating media effect. 

  

Figure 6: Left, scattering coefficient 0.2; Right, scattering coefficient 0.5 
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After we have talked about the variables and how they affect to the render, I want to mention 

a curious effect that I have seen while comparing results: 

 

The image on the left has a scattering coefficient of 0,5 and the one on the right, a coefficient 

of 0,7. The image on the right, as expected according to what we have seen before, is creating a 

smaller “cloud” than the one on the left as the light gets scattered more time complicating its 

transmittance through the room, but is not shinning more than the other one. 

At the beginning I thought that the implementation was wrong, but I then realized that those 

images are the combination of the indirect radiance (collected from the participating media) and 

the direct radiance (collecting the radiance around the intersection point). 

With smaller values for the coefficient, the photon has more probabilities to intersect with the 

objects in the scene as the probability to intersect with the media is smaller, so when adding both 

radiations, we will be adding the value of the indirect and the direct one. 

When the value increases, the photon intersects more with the participating media and doesn’t 

get to intersect with the objects, making the value for the final radiance only dependent on the 

indirect radiance, making its value smaller and consequently making the lighting less intense. 

In short, the results are okay and have sense. 

  

Figure 7 
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3. Implementation problems: 

 

Finally, I would like to mention which are the parts that gave me some problems when 

implementing them: 

 

One of the unexpected ones has been computing the photon power. This should be as easy as 

dividing the power of the light source by the number of the photons to be emitted, but is not. If 

realized that the power that this formula gives as a result is too low and results in a really dark 

scene so I decided to use the formula with a smaller value for the emitted photons (final formula 

would be Plight / (Nºphotons / x)). Finding the correct value for x has been a long way of trial and 

error. 

 

Another thing that took me more time than expected was the 

tree traversal. The problem in here wasn’t finding the correct 

node, but having to check both nodes if the distance from the 

point to the cutting plane was smaller than the chosen radius. I 

tried different methods for doing it and I finally found that doing 

the separation of nodes taking that rule into account when 

constructing the tree is what gives the result we are looking for. 

Figure 9 

Figure 8: Image on the left has been rendered using higher photon power than the one in the right 
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The drawback of this method is the amount of time needed in the rendering phase, when 

looking for the photons that fall inside the irradiance radius, as I’m duplicating the photons that 

could fall inside the area and this increases the number of photons to be checked. Time also 

increases as the value for the irradiance radius increases. 
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4. Final renders: 

 

 Only shows the effect of the participating media 

 Scattering coefficient is 0,5 

 Ray marching done with 30 steps 

 Irradiance radius is 0,6 

 Light source emits 500.000 photons 

 10 hours 

  

Figure 10 
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 Photon mapping + Participating media 

 Same characteristics as previous render 

  

Figure 11 
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5. References: 
 

Figure 1: 

http://cilab.knu.ac.kr/English/research/Color%20Model/LED%20Backlight%20Unit.htm 

 

Figure 2: https://computergraphics.stackexchange.com/questions/161/what-is-ray-marching-is-

sphere-tracing-the-same-thing 

 

Figure 3: 

(Left) http://www.cs.utah.edu/~cchriste/classes/cs6620/prj12.html 

 (Right) result from my final project 

 

Figure 4, 5, 6, 7, 8, 10 and 11: Results from my final project 

 

Figure 9: Picture from the presentation of my classmate Borja Portugal 
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