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Abstract. This paper introduces the two-step process of the standard photon mapping algorithm and 
a variety of other global biased illumination algorithms using photon mapping that have been 
proposed in recent years. Since there are many global biased illumination algorithms based on 
photon mapping, this review is a combination of these algorithms for the convenience of the reader, 
and the two-step process of standard PM will also be presented in this review to accommodate 
readers who are not familiar with the field.  We will first introduce the specific implementation 
process and principles based on the two steps of PM, photon tracking and rendering, and then 
introduce a variety of polarized illumination techniques using photon maps, compare these methods 
and discuss the advantages, disadvantages, and applicability of each method in detail, and finally 
give a specific implementation of each method to give readers a clearer understanding of these 
methods. The final implementation of each method is shown to give the reader a clearer 
understanding of these methods. 

Keywords: photon, illumination, mapping. 

1. Introduction 

Rendering is an extremely important field in 3D computer graphics, and the simulation of global 

illumination under the general environment has been an important research topic, which refers to a 

rendering technique that considers both the direct light from the light source in the scene and the 

indirect light after the reflection of other objects in the scene. After decades of development, global 

illumination nowadays has a variety of implementation directions, the main schools of global 

illumination are Ray tracing, Path tracing, Photon mapping, Point Based Global Illumination, 

Radiosity, Metropolis light transport, Metropolis light transport, Spherical harmonic lighting, 

Ambient occlusion, Voxel-based Global Illumination, Voxel-based Global Illumination Voxel-based 

Global Illumination, Light Propagation Volumes Global Illumination, Deferred Radiance Transfer 

Global Illumination, Deep G-Buffer based Global Illumination, etc. And Photon mapping is an 

important branch of global illumination. 

Photon mapping, like ray tracing, is a rendering method in the field of realistic rendering. It can 

be a good solution to the caustic phenomenon which is relatively difficult to handle by traditional ray 

tracing type methods. The Photon mapping algorithm was first proposed and implemented by Jensen 

in '96 and is the basis of the entire algorithm logic, which has evolved and modified in the intervening 

years, resulting in a series of new and improved implementations, such as Final Gathering, irradiance 

caching, photon ray splatting, Progressive Photon Mapping (PPM), Stochastic Progressive Photon 

Mapping (SPPM) algorithms. These methods have been widely used in various fields, especially in 

film rendering, game engines, game production, etc. Some of them have become industry-standard 

algorithms. 

Since the development of photon mapping technology in the field of computer rendering, testers 

are applying it to a wide variety of complex scene surface simulations to pursue realistic light effects. 

The original photon mapping algorithm was designed to solve the problem of traditional ray tracing 

algorithms in which the surface properties are relatively homogeneous, making it difficult to enrich 

the multiple optical effects that occur after light touches the surface of an object and diffuse reflections 

can't be simulated correctly. However, with the gradual application of photon mapping, the problems 

of this algorithm itself have come to the fore, for example, in some places where the photon density 
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is not sufficient to produce a large amount of low-frequency noise, the spherical estimation will be 

too much, and the disc estimation will be too dark. Therefore, the resulting Final Gather improvement 

method is to solve the problem of low-frequency noise generated by insufficient photon density to 

obtain better rendering quality, but still can not eliminate the impact of boundary bias and topological 

bias, while taking a huge amount of time. The corresponding irradiance caching is a further 

optimization of FG because the illuminance changes slowly in the neighborhood, we can use the 

illuminance caching to simplify the calculation so that we do not need to use the costly FG for each 

point. Photon ray splatting can better solve the boundary bias and topological bias, but it still has bias 

and requires a large number of photon emissions to solve. SPPM is an improvement of PPM, with 

the advantage that the effect of simulating smooth reflections is stronger than PPM, and the 

disadvantage that the algorithm is not as efficient as PPM. 

In short, each of these algorithms has its advantages and disadvantages, and the applicable 

scenarios and fields are different. To provide users with a better understanding of the principle 

implementation, advantages and disadvantages, and specific application scenarios of these algorithms, 

we have collected articles in the field of algorithms related to photon mapping in recent years. In 

addition, we have classified the different photon mapping algorithms. 

Major contributions: 

Collection of related algorithms and evaluations derived from photon mapping over the years. 

The collected algorithms are divided into 6 categories, which are traditional photon mapping 

models, Final Gathering, irradiance caching, Photon ray splatting, Progressive Photon Mapping 

(PPM), and Stochastic Progressive Photon Mapping (SPPM). 

The principle of each algorithm, the implementation process, the corresponding advantages and 

disadvantages, and the applicable scenarios, and listed in the form of a table. 

The results of these algorithms are compared for better visual understanding and are presented in 

tabular forms. 

A summary evaluation of the effectiveness of these algorithms. 

This survey is organized as follows. First, Section 2 introduces the traditional photon mapping 

model, Section PHOTON MAPPING-RELATED ALGORITHMS presents the principles of the 

process of implementing the remaining five algorithms as well as their advantages and disadvantages. 

Section TABLES discusses and compares the different effects produced by these algorithms and 

evaluates them, and finally, Section CONCLUSION summarizes these algorithms. 

2. Photon mapping-related algorithms 

2.1. Classical photon mapping model 

The classical photon mapping model is an algorithm implemented by Jensen in '96 for computing 

global illumination. It consists of two main steps, photon tracing, and ray tracing. 

The first step, photon tracing, can be divided into three small steps, which are photon emission, 

photon diffusion, and photon storage, in that order. 

2.1.1. Photon Tracing 

1) Photon Emission 

During the photon emission phase, the light source produces a number of photons, each 

representing a fraction of the total power. Each photon contains a position and direction xp, wp, and 

an associated intensity. Because each light in the scene can be emitted in a limited number, when the 

scene is sparse objects will lead to many photons that can not hit any object. To make efficient use of 

photons, you can use the Projection Map to filter the direction of photon emission. 

The Projection Map approach is to observe the scene from the perspective of the light source, the 

light source is broken down into many small equivalent cells, and when there is an object in the scene, 

the Cell is marked as "On" state, otherwise, the Cell is "Off "state, in the direction of the photon 

emission, only a limited number of photons to mark the "On" cell can be emitted. The main parameter 
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of each emitted photon is flux instead of Radiance, which is the luminous flux. This value is usually 

used to characterize the emitted power, and the value can be obtained by dividing the Flux of the light 

source by the number of emitted photons. 

The transmitting power is 

 
Φ

𝑁
                                            (1) 

Φ stands for luminous flux 

N stands for the number of emitted photons. 

2) Photon Diffusion 

Next is the photon diffusion stage, when the photon is generated from the light source and emitted, 

it will collide and intersect with the surface in the scene and then be diffusely reflected, reflected by 

the mirror, refracted, or absorbed. 

The simulation of a realistic situation requires the use of a large number of photons. To optimize 

the photons and simplify the number of photons to be used, the Russian Roulette algorithm is used 

for optimization. The Russian Roulette algorithm does not split the photon into reflective and 

refractive parts, etc., and the energy carried by the photon does not decay, instead using the percentage 

of photon reflection, decay as the probability of reflection and refraction - the photon is either 

diffusely reflected in its entirety, mirrored in its entirety, or absorbed. 

3) Photon Storage 

In this step, each photon that hits the non-specular surface is stored in a data structure called photon 

map, which is a balanced KD-Tree, ensuring that the corresponding photon is found very quickly, 

making the search more efficient and reducing the memory requirements of each photon. For specular 

reflections, the photons are not stored in the data structure but can be computed in the next rendering 

steps by Monte Carlo ray tracing. 

The format of the pixel data in the photon map is shown in the following figure: 

struct photon 

{ 

   float x,y,z;//collision position 

    char p[4];//RGBE encoded light flux 

   char phi, theta;//direction of incident light 

   short flag;//data for the KD-Tree structure 

} 

2.1.2. Ray Tracing 

1) Direct approximation estimation using photon map 

In the rendering process, we usually use an approximation of the rendering equation to calculate 

the reflected rays leaving the surface of the object. The rendering equation is shown below: 

𝐿𝑟(𝑥, ω⃗⃗ ) = ∫ 𝑓𝑟(𝑥, ω′⃗⃗⃗⃗ , ω⃗⃗ )𝐿𝑖(𝑥, ω′⃗⃗⃗⃗ )
Ω

cos θβ 𝑑ω′⃗⃗⃗⃗                                                  (2) 

Since the formula in (2) calculates the radiance, we can relate it to the flux stored in the photon 

map, due to the: 

𝐿(𝑥, ω⃗⃗ ) =
𝑑Φ2(𝑥,ω⃗⃗⃗ )

𝑑ωcosθ𝑑𝐴
                               (3) 

By combining the two equations (2) (3) we can finally arrive at 

𝐿𝑟(𝑥, ω⃗⃗ ) = ∑ 𝑓𝑟(𝑥, ω𝑝⃗⃗ ⃗⃗  ⃗, ω⃗⃗ )
ΔΦ𝑝(𝑥,ω𝑝⃗⃗ ⃗⃗ ⃗⃗ )

π𝑟2
𝑛
𝑝=1                                                   (4) 

n is the number of nearest photons (the distance of the nearest photons is usually counted to 

calculate the incident light), and  

ϕ𝑝 denotes the power of the pth photon, and 𝑓𝑟 denotes the BRDF  
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ω,ω𝑝  denotes the outgoing and incoming directions, and r denotes the radius of the sphere 

containing n vertices. 

This integral can be calculated by using the photon map for approximate direct estimation, which 

is the KNN calculation method. With the target point as the center of the sphere, the nearest k photons 

are selected as samples, and the radius of the sphere is set equal to the distance of k th photons from 

x, photon density = k/(nV), k is the number of photons, n is the total number of photons, and V is the 

volume of the enclosing sphere. 

2)Rendering equation improvements 

The rendering equation in (2) is a very expensive method, so we can improve the rendering 

equation in (2) by using a combination of photon maps and BRDF to obtain the following rendering 

equation, which is divided into several parts of the sum. 

𝐿𝑟 = ∫𝑓𝑟𝐿𝑖,𝑙
Ω

cos θ𝑖 𝑑ω𝑖 + ∫𝑓𝑟,𝑠(𝐿𝑖,𝑐 + 𝐿𝑖,𝑑)
Ω

cos θ𝑖 𝑑ω𝑖 + ∫𝑓𝑟,𝑑𝐿𝑖,𝑐
Ω

cos θ𝑖 𝑑ω𝑖

+ ∫𝑓𝑟,𝑑𝐿𝑖,𝑑
Ω

cos θ𝑖 𝑑ω𝑖 

where 𝑓𝑟 = 𝑓𝑟,𝑠 + 𝑓𝑟,𝑑and 𝐿𝑖 = 𝐿𝑖,𝑙 + 𝐿𝑖,𝑐 + 𝐿𝑖,𝑑 

The simplified expression is 

 𝐿𝑟 = 𝐿direct + 𝐿specular + 𝐿caustics + 𝐿indirect                                             (5) 

This equation(5) is also used to calculate the radiance of the light leaving the surface of the object, 

where the calculation of the direct light part and the specular reflection part can be rendered by the 

high-precision Monte Carlo ray tracing method, while the calculation of the scattered light and the 

indirect light part can be directly estimated by using the photon map (see section 2.1 for details). 

(a) Direct light and specular reflection 

Terms 1 and 2 in (5) can be calculated accurately using Monte Carlo ray tracing, and the rendering 

calculation can be achieved using a limited number of sample rays through BRDF-based importance 

sampling. 

(b) Caustic light 

The third term in (4) is almost impossible to simulate the focal ray using the conventional Monte 

Carlo ray tracing method, but we can use the photon information stored in the photon map to make a 

direct approximation. 

(c) Indirect light 

The fourth term in (4) is more difficult to handle indirect illumination correctly. However, it is 

possible to use a photon map as a direct approximation as well. Although the direct approximation 

can also give good results, it can be better estimated using Final Gathering (described in detail in 

Section 3), but the disadvantage is that it is time-consuming and needs to generate a very large number 

of sampled rays, which consumes a huge amount of arithmetic power. To solve these problems, Ward 

developed the irradiance caching (described in detail in Section 4) method to compute global 

illumination, since the illumination changes slowly and continuously in the neighborhood and can be 

cached and reused. This eliminates the need for costly Final Gathering sampling calculations at each 

point, saving time significantly. 

(3) Conclusion 

The rendering formula can be divided into four parts, direct lighting, specular reflection, caustic 

and indirect lighting, that is, (4) formula for dealing with different light situations in the scene, we 

can take the appropriate approach, for example, specular reflection can take Monte Carlo ray tracing 

for sampling, while focal dispersion and indirect lighting can make photon map direct approximation, 

but also the use of final gathering and irradiance for indirect approximation. 
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2.2. Final Gathering 

2.2.1. Introduction 

Final gathering is a common indirect illumination calculation means to optimize the quality of 

illumination calculation in photon mapping. Final gathering adds more samples to the irradiance 

cache to improve the accuracy and fidelity of the lighting. It is commonly used in the rendering phase 

of photon mapping to calculate indirect illumination. 

2.2.2. Implementation process 

The final gathering discards the traditional photon mapping method of directly using KNN 

proximity estimation near the sampling points and instead emits a large number of FG sampling rays 

in the direction of the upper hemisphere region at each sampling point; this type of final gathering 

point grid can be adapted to the scene. For example, fewer final gathering points are needed in large 

areas, but more are needed in detailed areas and corners; thus, fast and accurate calculations can be 

guaranteed. After each ray collides with the diffuse surface of the scene, the KNN algorithm is used 

to obtain the light brightness and color of the collision point, since several rays will intersect this 

point, and for this reason, the sampling results are averaged so that the rendering of indirect light can 

be well achieved indirectly through the photon map. 

2.2.3. Advantages and disadvantages 

The advantage of final gathering is that the number of photons stored in the indirect light reflection 

is small, while the direct approximation simulation will lead to a large low-frequency error, through 

Final gathering can use a smaller number of photons to obtain good results, but the cost is because 

each sampling point to send a lot of sampled rays, the time cost consumption is huge, but also still 

can not eliminate the effect of boundary bias and topological bias. 

2.3. Irradiance caching 

2.3.1. Introduction 

Irradiance caching is also a commonly used indirect illumination calculation method for 

optimizing the speed and quality of illumination calculation in photon mapping. Because Final 

Gathering requires the use of many sampled rays and is time-consuming, irradiance caching is used 

to reduce the cost consumption. Because the illuminance changes continuously and slowly in the 

neighborhood, it is not necessary to evaluate the illuminance for each point individually but only for 

a small part of it. 

2.3.2. Implementation process 

The illuminance evaluation for most of the points is calculated by interpolating the irradiance 

gradient using the points for which the illuminance has been evaluated. In this process, each surface 

point in the scene is sampled, its contribution to the surrounding illumination is calculated, and the 

results are stored in Caching points. 

𝐸𝑖(𝑥) =
∑ 𝑤𝑖(𝑥)𝐸(𝑥𝑖)𝑖

∑ 𝑤𝑖(𝑥)𝑖
 

Gradient interpolation calculation formula (5) 

𝐸𝑖(𝑥) denotes the irradiance gradient information of a point x in the scene. 

𝐸(𝑥𝑖) denotes the irradiance gradient information of a point i in the scene. 

𝑤𝑖(𝑥) denotes the weight of the influence of point i on point x, which can be calculated based on 

distance and other factors. 

The specific calculation process is as follows: 

1) Build irradiance cache: at each point in the scene, its irradiance information is computed and 

stored in the cache. Specifically, algorithms such as photon mapping can be used to calculate the 

irradiance information at each point. 
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2) Query irradiance cache: When you need to calculate the irradiance information of a point during 

ray tracing, you can first query the irradiance cache to see if the irradiance information of that point 

has already been calculated. If it has been calculated, the irradiance information of the point is read 

directly from the cache and applied to the current point. If it has not been calculated, then the 

irradiance information for that point needs to be recalculated. To be able to correctly calculate the 

illumination contribution of a surface point, the normal information of the surface point needs to be 

considered. Specifically, a weighted average of the surrounding light based on the normal direction 

of the surface point is required to obtain the irradiance information of the surface point. Therefore, in 

the process of photon mapping (photon mapping), the normal information of the surface point needs 

to be recorded together. 

3) Update irradiance cache: During ray tracing, if the irradiance information of the current point 

changes, for example, if a new light source is placed at the point or an object is moved, the irradiance 

information of the point needs to be updated. Specifically, the irradiance information for that point 

can be recalculated and updated to the cache. 

2.3.3. Irradiance translation and rotate gradients 

Irradiance translation and rotation gradient is a method used in the Irradiance Caching algorithm 

to calculate the irradiance of a surface point. In this method, the irradiance of a surface point is 

approximated by translating and rotating the Caching point. 

Specifically, suppose we need to calculate the irradiance of a surface point, we first need to find 

the closest Caching point to it. Then, for each Caching point, the distance from it to the surface point 

and the angle between its normal direction and the direction normal to the surface point can be 

calculated. This information can be used to calculate a weighting value that is used to weigh the 

irradiance contribution of that Caching point to the surface point. 

In the Irradiance translation and rotation gradient method, we consider that the irradiance of a 

Caching point varies in a local plane that is defined by that Caching point as well as its neighboring 

Caching points. Therefore, when calculating the weights, we use the distance and angle between the 

Caching points for weighing. 

In addition, to more accurately approximate the irradiance of the surface points, we can also use 

the irradiance gradient information between the Caching points. Specifically, we can calculate the 

irradiance difference between Caching points and convert it into a rotational gradient for 

approximating the irradiance of the surface points. In addition, the irradiance gradient information 

between the Caching points can be used to adjust the normal direction and position of the surface 

points to obtain more accurate irradiance calculation results. 

2.4. Photon Ray Splatting 

2.4.1. Introduction 

Photon Ray Splatting is also an algorithm that uses simulated global illumination, proposed and 

implemented by Ralf Habel and Michael Wimmer in 2009. While traditional photon mapping 

algorithms perform photon tracing first and then eye tracing, Photon mapping reverses the two orders, 

i.e. eye tracing first and then photon tracing. 

2.4.2. Implementation process 

1) eye tracing: a number of rays are emitted from the viewpoint, sampling the pixel points on the 

view plane 

2) photon tracing: the scene light source emits multiple photons and records their paths and 

energies in the scene 

3) Photon storage: the generated photon paths are sorted by spatial and directional domains and 

stored in a 5D kd tree. 

4) Photon splatting kernel width calculation: Each photon ray is given a splatting kernel width, 

which is calculated based on the entire photon path. 
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5) Photon splatting: all photons are splatted one by one to positions near the line-of-sight sample. 

For each photon found, a function called splatting kernel is used to calculate its contribution to the 

color value of the point. A technique called photon differential splatting is also used, which reduces 

the noise and blur generated during splatting. 

6) Image synthesis: the colors on all sight samples are weighted and averaged to obtain the final 

image. 

2.4.3. Splatting kernel function 

The splatting kernel function is a function used to calculate the contribution of photons to the color 

value of the intersection point, which can determine the size and shape of the contribution based on 

the distance, direction, and energy between the photons and the intersection point. splatting kernel 

function has different forms, such as Gaussian function, conical function, Epanechnikov function, etc. 

Different forms of the splatting kernel function will affect the quality and efficiency of the rendering 

results, so it is necessary to choose the right splatting kernel function according to different scenes 

and needs. 

In general, the splatting kernel function can be expressed in the following form: 

𝐾(𝑑) =
1

π𝑟2 𝑓 (
𝑑

𝑟
)                                                                    (6) 

where K(d) is the splatting kernel function value, d is the distance between the photon and the 

intersection point, r is the lookup radius, and f(x) is a normalized kernel function that satisfies the 

following conditions: 

𝑓(0) = 1  

f(x)  ≥  0  

∫ 𝑓(𝑥)𝑑
1

0

𝑥 = 1 

2.4.4. Photon differential splatting 

Photon differential splatting is a technique used to render refracted and reflected light in a way 

that reduces the noise and blurring generated during photon splatting. An inherent problem with 

photon splatting is that each photon is unaware of the other photons around it when it is splatted, 

which means that the size of the splat is usually determined based on heuristics rather than knowledge 

of the local luminous flux density. photon differential splatting uses photon differentiation to 

determine the size and shape, thus enabling adaptive anisotropic luminous flux density estimation. 

Specifically, photon differential splatting consists of the following steps: 

1) calculate the distance, direction, and energy change rate between two neighboring points on 

each photon path, which are the photon differential splatting. 

2) Calculate the splatting kernel width at each point of the path based on the differential 

information of all the points on the path. 

3) Sort all the photons by spatial and directional domains and store them in a 5D kd tree. 

4) emit a large number of lines of sight from the camera location and sample the color and depth 

in the scene. 

50 For each line of sight sample, find several photon paths with their nearest neighbors or closest 

to their directional domain and weigh the energy at their corresponding points by their splatting kernel 

width to obtain the final color. 

2.4.5. Advantages and disadvantages 

The photon ray splatting technique has several advantages: 

- It can efficiently utilize GPU parallel computing power, thus increasing rendering speed 

- It can adaptively adjust the splatting kernel width to match the local luminous flux density, thus 

reducing noise and blur. 
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- It can handle complex refraction and reflection effects, as well as shadows and indirect lighting 

in dynamic scenes. 

The photon ray splatting technique also suffers from several disadvantages: 

- It requires a large amount of memory space to store photon paths and differential information. 

- It is sensitive to the complexity of the geometry and material types in the scene, which can lead 

to performance degradation or visual quality degradation. 

- It is difficult to handle bright areas or strongly reflective areas in the scene, which may result in 

overexposure or jaggedness. 

2.4.6. Applicable scenarios 

- Static or dynamic scenes that require high-quality global lighting effects. 

- Material objects such as glass that require complex refraction and reflection effects. 

- Scenes that require a combination of high and low-frequency lighting effects. 

2.5. Progressive photon mapping 

2.5.1. Introduction 

Progressive photon mapping was proposed and implemented by Toshiya Hachisuka, Wojciech 

Jarosz, and Henrik Wann Jensen in 2008. Unlike the traditional photon mapping algorithm, which 

also performs eye tracing before photon tracing, progressive photon mapping does not require pre-

determining the size of the kernel function or storing all photon information but uses a progressive 

approach to gradually improve the accuracy and quality of the density estimation. quality. Specifically, 

each time a certain number of photons are tracked, a density estimate is performed for all line-of-

sight samples, and the kernel function size and color values are updated. This process can be repeated 

many times, i.e., photon tracing can be repeated over and over again until satisfactory results are 

achieved or a preset time or memory limit is exceeded. 

2.5.2. Implementation process 

The basic implementation process is as follows: 

1) eye tracing: send some rays from the viewpoint to find the scene surface (observation point) 

that can be observed by each pixel lens in the scene 

2) for each light path, store the surface vertices of the non-specular part of the light path 

3) Record the spatial coordinates x of this part of the vertices, the ejection direction \omega, the 

deflation term (which contains the BRDF term and the pixel filter value), and the pixel coordinates 

associated with the vertices. In addition, some additional data need to be stored for the Progressive 

Radiance Estimate, including the photon radius, the intercepted energy, and the number of photons 

in the radius. 

4) Photon Tracing Passes: emit a certain number of photons from the light source and create a 

photon map to store the photons 

5) Traverse each observation point and find the photons within the radius, the progressive radiosity 

algorithm will improve the calculation result by the new photons of this pass, and then render the 

result 

6) Discard these data for the next pass, and repeat steps 4-5 until enough photons have been 

accumulated to make the image perform well enough. 

2.5.3. Progressive Radiance Estimate 

Progressive Radiance Estimate is an algorithm used in Progressive Photon Mapping (Progressive 

Photon Mapping) that guarantees convergence and bounded memory usage for Progressive Photon 

Mapping. It can handle situations that are difficult for other algorithms to handle, such as scenes that 

contain participating media and specular interfaces, and real light sources that are surrounded by 

refractive and reflective materials. 
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The core idea of Progressive Radiance Estimate reduces the radius of the observation point disc 

by increasing the cumulative number of photons, thus achieving the infinitely small radius and 

infinitely high density of Equation (7).\ 

𝐿(𝑥) =
𝐷(𝑥)𝐹(𝑥)

𝐴
                                                                               (7) 

The specific process is as follows: 

-Radius Reduction: 

After each photon mapping, the radius of the observation point disk is reduced according to the 

accumulated number of photons, so that the radius in Eq. (2) tends to zero and the density tends to 

infinity. 

-Flux Correction: 

After each photon mapping, the energy distribution on the observation point disk is corrected 

according to the new photons added and the old ones, so that the energy in Eq. (3) tends to be constant. 

-Radiance Evaluation: 

After each photon mapping, the radiance (Radiance) is calculated based on the energy distribution 

and surface normals on the observation point disc. 

2.5.4. Advantages and disadvantages 

Advantages of PPM over Photon Mapping: 

- It can handle complex geometry and materials without precomputing or storing radiation cache. 

For example, it can handle dynamic scenes or participating media. 

- It can reduce memory consumption by storing only one photon map instead of multiple photon 

maps for different bounces. For example, it can handle large scenes or high-resolution images. 

- It can improve rendering quality by using an adaptive radius estimation technique that reduces 

noise and bias. For example, it can handle difficult lighting situations or high-frequency details. 

PPM also has disadvantages compared to Photon Mapping: 

- It requires more computation time due to the progressive nature of the algorithm. For example, 

it may take longer to converge to a satisfactory result. 

- It may introduce artifacts due to the dependence of the radius estimation technique on pixel 

resolution and sampling density. For example, it may lead to blurring or jagged effects if the 

resolution or sampling density is too low or too high. 

2.5.5. Applicable scenarios 

- Suitable for scenes that require high precision and realistic global lighting effects. 

- Suitable for scenes with complex geometry and materials. 

2.6. Stochastic Progressive Photon Mapping 

2.6.1. Introduction 

Stochastic Progressive Photon Mapping is an improved global lighting algorithm proposed by 

Hachisuka and Jensen in 2009, which is a simple extension of the traditional Progressive Photon 

Mapping (PPM) algorithm. 

2.6.2. Differences and changes 

Their main differences are: 

- PPM emits one ray at a time from the camera, then emits multiple rounds of photons from the 

light source, and updates the color and radius of the observation point (hitpoint) in the scene. 

- SPPM emits multiple rays from the camera at a time and randomly selects one as the primary 

ray, then emits multiple rounds of photons from the light source, and updates the color and radius of 

the observation point (pixel) corresponding to the primary ray. 

The main changes are: 

- SPPM does not need to record the observation point map of the whole scene, but only the 

observation points corresponding to each pixel, which can save memory space and computation time. 
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- SPPM can converge to the correct result faster because it uses a pixel-based computation instead 

of a scene-based one. 

2.6.3. Advantages and disadvantages 

Some advantages of SPPM over PPM: 

- It can converge to the correct result faster because it uses a pixel-based calculation instead of a 

scene-based one. 

- It can handle cases with a high sampling rate (spp) and complex geometry (e.g. hair, grass, etc.) 

without noise or bias. 

- It does not need to record the observation point map of the whole scene, but only the observation 

point corresponding to each pixel, which saves memory space and computation time. 

Some disadvantages of SPPM over PPM: 

- It does not handle smooth or specular reflective surfaces well because it updates only the 

observation points corresponding to the main rays and ignores those corresponding to the other rays. 

- It needs a suitable initial radius parameter to control the number of photons around each 

observation point in the photon map. If the initial radius is too large or too small, it will affect the 

rendering effect and speed. 

2.6.4. Applicable scenarios 

- Suitable for rendering objects or materials with a high level of detail and realism (e.g. hair, grass, 

glass, etc.) 

- Suitable for scenes with complex geometry and materials that are difficult to handle by other 

methods. 

3. Conclusion 

Photon mapping is a powerful global lighting algorithm that contains a series of innovative 

techniques to achieve high-quality and efficient image rendering. This review paper provides a 

detailed introduction and analysis of photon mapping-related algorithms, applications, and 

advantages and disadvantages. 

First, we review the basic principles and algorithmic processes of photon mapping. Second, we 

explore some advantages and disadvantages of photon mapping, such as its ability to handle different 

lighting phenomena, such as global illumination, scattering, absorption, and reflection, but its 

algorithms are usually complex and computationally expensive. 

Then, we introduce other algorithms extended by photon mapping and their advantages and 

disadvantages, such as progressive photon mapping, photon ray splatting, etc. The applicability of 

photon mapping extended algorithms is also discussed , as shown in Table I. 
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Table I advantages and disadvantages of photon mapping algorithm 

Algorithm 
Comparison  

Introduction Advantages Disadvantages Applicability 

photon mapping 

Fast calculation of focal 

dispersion and soft indirect 

illumination 

Simulating complex 

lighting effects 

Generating noise 

and artifacts 

Static scenes and 

high-quality rendering 

final gathering 

A method combining photon 

mapping and irradiance 

caching 

Eliminating noise 

and artifacts in 

photon maps 

Causing 

interpolation and 

sampling errors 

High precision and 

low noise rendering 

irradiance 

caching 

A method for accelerating 

indirect light computation in 

Monte Carlo ray tracing 

Significantly 

reducing the number 

of samples and 

computation time 

Generating 

artifacts or 

distortion 

Large smooth 

surfaces or scenes 

with low-frequency 

variations 

Photon ray 

splatting 

A rasterization-based method 

for implementing the density 

estimation step in 

progressive photon mapping 

Fast splatting at any 

depth level 

Additional camera 

path generation 

required 

Surfaces of dynamic 

objects or objects 

with complex 

geometry 

progressive 

photon mapping 

A multi-step ray tracing 

method 

Dynamically 

adjusting sampling 

density and radius 

Generating noise 

or deviation 

High-quality and real-

time feedback 

rendering 

stochastic 

progressive 

photon mapping 

An improved method for 

progressive photon mapping 

Improving rendering 

quality and stability 

Requiring more 

memory and 

computing 

resources 

Scenes with high 

contrast or sufficient 

detail 

 

Finally, we provide an outlook on the future of photon mapping, including its development in 

programmable shading, deep learning, etc. We believe that photon mapping will continue to evolve 

in the future and become one of the key technologies in the field of computer graphics. 
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