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Abstract 

Scalable Dynamic Rasterization for Postprocessing 

 

The standard vector-to-raster pipeline forgets the geometric information 

after rasterization, and subsequent processing needs to be performed at equal 

to or lower resolutions. As the display resolutions rapidly increase, such as 

ultra-high definition(UHD), the bottleneck of the rendering pipeline moves 

more to pixel-bound scenes. Thereby, pixel-based postprocessing 

techniques are likely to become no cheaper, the effective resolution needs to 

be lowered. In general, downsampling is a straightforward method to construct 

a lower-resolution image. However, downsampling leads to loss of geometry 

details for G-buffer in deferred rendering. In contrast, our approach captures 

screen space triangle references at the initial rasterization and defers the final 

rasterization processes. The rasterization can be efficiently performed at 

multiple resolutions, leading to an effective level of detail in terms of 

resolution. In addition, storage usage is more efficient rather than pixel-bound 

images in high-resolution cases. This approach enables a highly scalable 

dynamic resolution pipeline, effective resolution postprocessing, and can also 

be used for rendering compression. 

 

 

 

 

 

Keywords: rasterization, high-resolution, GPU, postprocessing, upscaling
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1. INTRODUCTION 

 

For decades, display size increases, now we can find display products that 

support over 8K(7680×4320) resolution. In response, the computer graphics 

field is researching various applications for ultra-high-resolution 

environments that support 4K or higher resolution. In this case, interactive 

contents and VR/AR, which need real-time rendering, can expect efficient 

data structure and algorithm for super-resolution rendering. Especially, 

head-mounted display(HMD) used for VR/AR, extra-large display, ultimately 

over 16K super-resolution as an optical resolution of human visual system 

display will become. 

 

However, a conventional raster of the common graphic processing 

unit(GPU) not easily achieve real-time interaction in a super-resolution 

environment due to pixel overhead rapidly increased. Moreover, most GPU 

rendering pipelines need postprocessing techniques to construct the final 

image from G-buffer. These postprocessing techniques are based on pixels, 

and proportional to the number of pixels in a linear or higher, it can be difficult 

to real-time process at ultra-high-resolution. In addition, G-buffer 

consumes a significant amount of VRAM at high-resolution, memory 

consumption will need to be considered. 

 

Therefore, the effective postprocessing resolution needs to be lowered, 

downsampling is a simple solution for this processing. However, The G-buffer 

stores not only color but geometry information such as depth and surface 

normal [1]. These attributes cannot simply downsampling, due to loss of 
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geometric detail. In this case, in contrast to downsampling a high-resolution 

image, upsampling a lower resolution image can be an alternative approach. 

However, G-buffer upsampling shares the problem of downsampling which is 

loss of detail [2]. For this reason, lossless upscaling needs high visibility 

sampling and data structure suitable for upscaling. 

 

To increase visibility sample density, supersampling is a straightforward 

approach, but this is not efficient for memory and performance. Instead, 

mainly researched are geometric anti-aliasing methods based on MSAA [3]. 

however, they cannot reconstruct to higher visibility samples [4-5], or may 

not match actual sample locations [6-7]. Without MSAA, an analytic approach 

[8] helps high-frequency reconstruction, but the analytics-based method is 

not able to expand for deferred rendering. Conservative rasterization [9] can 

be used for subpixel sampling, but this rasterization method leads to an 

oversampling which incurs a visibility problem. Recently, a deep learning 

based approach [10] shows efficient high-frequency shading. However, 

subpixel details reconstructed by the network do not ensure actual geometric 

features. 

 

For lossless upscaling, we tried to find another data structure rather than 

the traditional G-buffer which can perform deferred shading. The visibility 

buffer [11-13], which stores unique IDs of primitive shows deferred 

rendering without traditional G-buffer format. Here, we noted the triangle ID 

based approach of the visibility buffer This unique id represented a planar 

surface of a visibility triangle which usually covers several pixels, and it can 

be downsampling with deduplication. 
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In this paper, we present the concept of a rendering pipeline of scalable 

dynamic resolution for effective resolution postprocessing that high-rate 

visibility sampling to triangle IDs, perform deduplication, and reconstruct them. 

Then we also present implemented proto-type pipeline. 

  

Our technique based on the visibility buffer approach. The technique can 

achieve quality as same as actual rendering results, which requires 

spatiotemporal coherent cases, such as including supersampling, 

postprocessing. 

 

Precisely, our contributions include: 

· Memory efficient deferred shading. 

· streaming compression based on high sample coverage mask 

· effective resolution postprocessing framework  
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2. Related Work 

 

There are two major challenges in our approach: an efficient technique for 

high-frequency visibility sampling, and a data structure that can lossless 

upscaling with more than 16× scale. we categorize and briefly review 

previous techniques in terms of high visibility sampling rate and lossless 

upscaling data structure. 

 

2.1 High visibility sampling 

 

Efficient rendering technique for high visibility sampling rate shading has 

been a long-standing problem. And anti-aliasing(AA) [14] techniques have 

been dealing with this problem. 

 

To determine visibility under a fixed sample count per-pixel in a common 

hardware rasterizer, the only way is to increase the sample density. the 

increasing density of a straightforward way is supersampling(SSAA), which 

incurs a cost linearly proportional to the number of samples as well as 

memory. 

 

Multi-Sample AA(MSAA) [3] is a classic approach that decoupling shading 

rate from visibility sampling rate technique to reduce shading costs in 

rendering, also expanded to deferred rendering [4]. This technique poses 

efficient shading costs compared to supersampling, MSAA with deferred does 

not help memory consumption and resolve cost. Surface-Based AA(SBAA) [5] 
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improves memory consumption in deferred rendering, which analysis the 

results of sample coverage during rasterization to determine representative 

sample per-pixel. However, their method remains only one surface 

information, other surfaces are discarded. These approaches are effective in 

terms of memory and shading cost compared to supersampling, but they do 

not help to ensure high visibility. 

 

Temporal AA(TAA) technique [6] achieved efficient high visibility by 

using subpixel level detail accumulation between adjacent frames. This 

technique based on reuse that significantly improves performance and quality. 

However, reconstructed samples which are predicted from previous frames, 

may not match actual sample locations. 

 

Most GPUs natively support only 8× MSAA samples. Nevertheless, 

Aggregate G-buffer AA(AGAA) [7] shows hardware emulation of high MSAA 

rates scheme. This technique pre-filtering the geometry into a statistical 

representation using directional information. This allows an approximation to 

high-rate visibility while lower costs for shading. Our approach employs this 

high MSAA rate scheme. However, in contrast to their approach, we emulated 

a supersampling pattern rather than MSAA. 

 

On the other hand, without MSAA, None-sampled AA [8] is a unique 

approach for an efficient high-frequency rendering scheme without ray-

tracing or raster sampling. However, this approach based on an analytic 

method that cannot process intersecting primitives. 
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Decoupled-Coverage AA [9] shows high visibility sampling using 

conservative rasterization. this merge heuristic method based on a high-

sample coverage mask can be generated high-quality results. However, 

conservative raster leads to overlap adjacency primitives and incur 

oversampling, which difficult to determine visibility samples. 

 

Recently, the deep learning based approach [10] shows high-frequency 

results with low shading costs. Unfortunately, reconstructed visibility 

information is inferred from the neural network cannot ensure geometric 

accuracy. 

 

2.2 Lossless upscaling data structure 

 

Image interpolation methods [15-16] are a fundamental technique for 

upscaling. this technique simple, fast, and effective for color images. Yang et 

al. [2] show bilateral upsampling can be applied to frame images. The 

drawback is that high-frequency detail may not reconstruction, and this 

filtering approaches not suitable for G-buffers that store geometric features. 

 

For this reason, we tried to search for an alternative that can replace G-

buffer. The visibility buffer [11] approach shows a rendering pipeline using 

the primitive ID and instance ID instead of the G-buffer. this technique 

performs high cache coherency with significantly reduces memory bandwidth. 

Schied et al. [12] are proposed to deferring attribute interpolation using 

triangle ID, which similar to the visibility buffer. However, they additional 

stored transformed triangles in a buffer which allows more efficient attribute 
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interpolation and compatible with tessellation. Engel [13] integrates rendering 

pipeline based on visibility buffer, which shows significant improvement in 

terms of performance and memory costs. This pipeline fills the visibility buffer 

using one layer of triangle references and single-pass screen space shading 

that can be performed faster than common deferred rendering due to better 

memory access patterns. Our approach shares the visibility buffer scheme. 

However, we perform compaction to visibility buffer by deduplication for 

triangle references. Also, we combined with SBAA [5] approach that 

determines a representative sample, which can be directly shading to low-

resolution for effective postprocessing. 

 

Our motivation is efficiently constructing lower resolution, and upsampling 

to a higher resolution without loss of geometric information. we propose to 

address the problem of lossless upsampling using a visibility buffer with a high 

sample coverage mask. 
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3. Algorithm 

 

In this chapter, we describe scalable dynamic rasterization for 

postprocessing, which consists of high-rate visibility sampling for scalable 

dynamic upscaling, resolve, and compaction based on a per-pixel head linked 

list, primitive driven supersampling using deferred attribute interpolation 

shading, and effective resolution postprocessing. 

 

Figure 1 shows an overview of our framework. Our framework consists of 

three-stage. First, Geometries are rendered high-rate resolution and capture 

primitive associated unique ID. Then, deduplicating primitives while 

constructing the visibility buffer based on the A-buffer method.  In the last 

stage, the shading is computed for each visibility sample to the desired 

resolution. For effective resolution postprocessing, the low-frequency image 

is performed postprocessing, which results are combined with the high-

resolution supersampling image. 

 

The following subsections describe a three-step process for generating 

and storing per-sample visibility in a high-rate visibility buffer and then 

compute shading samples for scalable resolution. 

  



 

9 

 

 

Figure1. Overview of scalable dynamic rasterization for postprocessing. 
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3.1 High-rate visibility sampling 

 

To determine high-rate visible samples for the current view, we use the 

approach which is supersampling or multi-sampling. both sampling methods 

perform early-z which ensures only fragment shader invocations for visible 

triangles will be generated. For dynamic upscaling, we use the visibility buffer 

approach that stored triangle ID and object ID [13] which are available in 

OpenGL built-in variables that gl_PrimitiveID and gl_DrawID. 

 

High-rate sampling(supersampling) is a straightforward method of 

visibility determinant. However, supersampling is not efficient in terms of 

memory bandwidth and performance. MSAA (multi-sampling antialiasing) is 

an alternative to reduce the sampling rate using GPU hardware.  

 

Most current GPUs only support MSAA sample rates up to 8 samples. Also, 

the MSAA sample pattern is not matched actual the higher resolution sample 

location. To overcome the above limit, we use the hardware-based emulation 

method as proposed by Crassin et al. [8], which allows generating more than 

8× MSAA samples within a single geometric rendering pass. In our case, the 

emulation method rasterizes each primitive multiple times at 8× MSAA which 

relocated samples, offsetting screen-space position at each rasterization pass 

to sampling different locations on the triangles. 
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Figure 2. Hardware emulation of 16× MSAA rasterization for a single triangle. 
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Figure 2 demonstrates the hardware emulation of 16× supersampling with 

2 rasterization passes at relocated 8× MSAA. In contrast to supersampling, 

this method efficiently reduces the sampling rate in the case of a multi-

sample covered by one visible primitive case.  

 

With high-rate MSAA, the visibility buffer is constructed to a multi-

sample layered frame buffer. To reduce the cost of Geometry Shader, we use 

passthrough shader that a feature available in OpenGL using the 

GL_NV_geometry_shader_passthrough. this extension more useful in multi-

layered rendering. 

 

Each layered buffer is populated triangle id and object id similar to the 

visibility buffer approach. In addition, we store coverage masks using the 

GLSL built-in variable gl_SampleMaskIn. This coverage mask needs to ensure 

the visibility for each pixel coverage sample, which is done by z-prepass with 

post depth test coverage mask, available in EXT_post_depth_coverage 

extension. 
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3.2 Resolve and Compaction 

 

In this section, we describe our visibility buffer compaction process 

combined with multi-sample resolve. 

 

Multi-sample framebuffer needs to a resolve pass that performed per-

pixel that number of corresponding visibility samples. we perform resolving 

step by iterating over all visibility samples and deduplication to stored 

primitive associated unique id. While this process, we store individual 

primitive id which not overlaps in the linked list visibility buffer. For instance, 

if 16× supersampling rate visibility buffer resolving, one resolved pixel may 

have up to 16 individual primitive associated unique ids. Also, we determine 

representative primitive ID that corresponding to resolved pixels. This is 

determined the most contributed primitive which most the number of coverage 

sample. 

 

For our visibility buffer compaction, we employed per-pixel visibility 

sample linked lists proposed by Schied et al. [12]. Similar to their approach, 

we implemented a linked list and reference that linked list using a per-pixel 

head pointer. Unlike their approach, our visibility per-pixel head stored a 

reference of a representative triangle reference. Figure 3 shows an overview 

of the per-pixel linked list for the 16× scale visibility buffer that 8×MSAA 

emulated. Figure 4 shows the implementation of resolve and compaction pass 

for the 16× scale visibility buffer by hardware emulation 16× MSAA. 
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Figure 3. Overview of the per-pixel linked list for the 16× scale visibility 

buffer. 



 

15 

 

 

Figure 4. Pseudocode of compaction process while hardware emulation 16× 

MSAA resolve. 
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Through this process, we implemented tightly compacted visibility buffer 

storage formats which consist of up to 64 coverage information and triangle 

reference. Figure 5 shows our visibility buffer layout. 

 

 

Figure 5. Our compact visibility buffer layout. 

 

The special bits in the per-pixel head represented triangle reference or 

empty primitive or linked list pointer. 
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3.3 Primitive driven supersampling 

 

Since the visibility buffer stored only triangle references, it needs to 

compute shading process. Employing the visibility buffer approach, we can 

implement shading algorithms that the following steps. 

 

First, access each pixel in the head, get a reference of the triangle 

(gl_DrawID and gl_PrimitiveID). Then, load data for the 3 vertices from the 

index buffer and then the vertex buffer. Second, compute the partial 

derivatives of the barycentric coordinates. this allows interpolating vertex 

attributes at pixel position. Finally, calculate shading with light contribution. 

 

To calculate the partial derivatives, we are using as following the equation 

from Schied [12]. 

 

 𝜕𝑑1

𝜕𝑥
=

𝑉1𝑦−𝑉2𝑦

𝐷
,

𝜕𝑑2

𝜕𝑥
=

𝑉2𝑦−𝑉0𝑦

𝐷
,

𝜕𝑑3

𝜕𝑥
=

𝑉0𝑦−𝑉1𝑦

𝐷
, 

𝜕𝑑1

𝜕𝑦
=

𝑉2𝑥−𝑉1𝑥

𝐷
,

𝜕𝑑2

𝜕𝑦
=

𝑉0𝑥−𝑉2𝑥

𝐷
,

𝜕𝑑3

𝜕𝑦
=

𝑉1𝑥−𝑉0𝑥

𝐷
. 

 

(1) 

 

In the above equation, V0, V1, V2 are projected screen space positions of a 

triangle. And D = det(V2 − V0, V0 − V1), 
𝜕𝑑

𝜕𝑥
,
𝜕𝑑

𝜕𝑦
 are the partial derivatives of the 

barycentric coordinate for a point (x, y) . Since barycentric interpolation is 

linear in x and y, the partial derivatives of the interpolant are constant. Then 

we calculate delta vector d⃗  that points from the projected vertex V0 to the 

upscaling screen position p(x, y)  on upscaling screen width and height as 
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following the equation: 

 

 
d⃗ = 2 ×

𝑝(𝑥, 𝑦)

𝑊 × 𝐻
− 𝑉0,  

(2) 

 

In the above equation, W,𝐻  are upscaling screen width and height. The 

delta vector d⃗  that from a projected vertex that 4D homogeneous 

coordinate(𝑥𝑐,𝑦𝑐,𝑧𝑐,𝑤𝑐), Therefore, a perspective correction needs to be applied 

when interpolating the attributes. This correction is done by interpolating 

1/𝑤𝑐  for all three vertices of the triangle using the barycentric coordinate and 

the delta vector d⃗ . This can be defined as follows using Equation (3). 

 

 𝜕𝑤

𝜕𝑥
= (𝑉0𝑤,𝑉1𝑤,𝑉2𝑤) ∙

𝜕𝑑

𝜕𝑥
, 

𝜕𝑤

𝜕𝑦
= (𝑉0𝑤,𝑉1𝑤,𝑉2𝑤) ∙

𝜕𝑑

𝜕𝑦
, 

𝑤𝑝 = 𝑉0𝑤 + d⃗ 𝑥
𝜕𝑤

𝜕𝑥
+ d⃗ 𝑦

𝜕𝑤

𝜕𝑦
. 

 

 

 

(3) 

In the above equation, 𝑤𝑝  is the perspective corrected homogeneous 

coordinate 𝑤  component. After then, we can reconstruct the Z  value of 

NDC(normal device coordinate) at upscaling screen point calculating done by 

𝑃34/𝑤𝑝 − 𝑃33. 
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For shading material evaluation, we use bindless texture technique 

available on OpenGL which allows unordered access to the resources needed 

by materials. To determine level of detail for textures, we used textureGrad 

function with a gradient which can be computed by interpolating the attribute 

offset to the neighboring pixel. The offset is calculated by the difference to 

the attribute at the shaded pixel. 

 

3.4 Effective resolution postprocessing 

 

In general, postprocessing is performed at full resolution. This achieves 

compliant performance at the most popular resolutions (FHD) currently used. 

However, in ultra-high-resolution (UHD or higher), postprocessing gradually 

affects real-time performance due to a rapid increase in pixel bounds. 

 

In ultra-high-resolution, performing postprocessing at a lower resolution 

instead of full resolution then synthesized into the final image can be more 

efficient to real-time rendering in terms of performance [17]. 

 

We directly create low-resolution geometry information using 

representative triangle information of our visibility buffer. Postprocessing is 

performed with the generated at low-resolution attribute (e.g. depth). Then, 

the postprocessing result will be combined with the final image using linear 

interpolation. Figure 6 shows an overview of effective resolution 

postprocessing. 
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Figure 6. Overview of effective resolution postprocessing. 
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4. Application 

 

In this section, we describe our effective resolution postprocessing 

process with two postprocessing techniques that consist of Depth of 

Field(DOF) and Screen Space Ambient Occlusion(SSAO). 

 

4.1. Depth of Field 

 

DOF [18] is a phenomenon made from a camera lens artifact. This shows 

blurred effect except for focusing range. The blurring effect can be changed 

by CoC (Circle of Confusion) which is defined as following equation: 

 

 
CoC = clamp(

𝑑 × max(0, z − F − n)

𝑚 −  𝑛
, 0, 1) 

(4) 

 

In the above equation, d is the degree of blur, z is the depth value, F is a 

focal depth that distance between focus, m is the maximum range for blurred, 

and n is no blurred range that the distance between range in focus. 

 

The CoC value of each pixel can be calculated from the depth map used to 

gradually blur the image. We employed the blur effect used to gradual as the 

CoC value increases, which can be done by linear interpolation from four 

different reference images: a sharp image (original image), two other quarter 

size images of increasing blurriness, and a maximum blurred image. 
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In the common approach, two other quarter-size images of blurriness are 

made by down-sampling. In contrast, our approach does not perform 

downsampling. Instead, we directly render to quarter-size blurred images. 

 

4.2 Screen Space Ambient Occlusion 

 

SSAO [19] is an indirect lighting approximate technique that surrounding 

objects are close to each other affects more darkening. This technique 

requires either linearized depth or linearized depth and normal in screen space, 

which can be provided in deferred rendering. 

 

To calculate AO, each pixel of full screen or lower screen sampling 

random position in custom radius hemisphere which aligned normal direction.  

Then, we can calculate whether geometry covers the corresponding pixel or 

not using sample position value and pixel depth value. If samples are covered 

by surroundings, we consider that corresponding pixels are occluded. These 

occlusion values are using to weigh to final shading color. The AO weight is 

defined as the following equation: 

 

 
𝐴𝑂𝑤𝑒𝑖𝑔ℎ𝑡 = clamp(

N ∙ (C − P)

√V ∙ V
2 , 0,1) ∗ clamp(1 −

(𝐶 − 𝑃) ∙ (𝐶 − 𝑃)

𝑅2
, 0,1) 

(5) 

 

In the above equation, 𝐶,𝑁 is the view space position and normal at the 

corresponding pixel center, 𝑃 is the view space position at the random sample 

and R is the radius of a hemisphere. 
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In contrast to depth map downsampling, our approach directly constructed 

low-resolution depth map. The depth map does not apply to the common 

downsampling approach which stores adjacency texel average value. Instead, 

we downscaling depth map by max-mipmap technique [20] for a common 

approach. 
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5. Results 
 

In this section, we report the evaluation of our scalable dynamic 

rasterization for postprocessing in terms of performance, quality, and memory 

efficiency with various scenarios. Our framework is implemented on an Intel 

i9-9900X 3.5Ghz with NVIDIA Geforce RTX 3090 using OpenGL 4.6. 

 

Four scenes were used in the experiment, and the configuration is shown 

in Figure 7. Our experiment consists of primitive driven supersampling and 

postprocessing results. In primitive driven supersampling, we compared G-

buffer attributes (albedo, depth, and normal) and phong shading result to our 

scalable dynamic rasterization against the OpenGL fixed pipeline rasterization 

with deferred rendering as a reference (REF). Our experiments vary the 

number of scale rates, the number of base-resolutions, and the sampling 

method either supersampling or multisampling. Also, we compared total 

memory usage that our technique with 1/64 compaction to G-buffer. In the 

case of efficient postprocessing, we compared two postprocessing techniques 

which are DOF and SSAO. For DOF, our experiments using 16× upscaling 

based on hardware emulation of 16× MSAA with varying base-resolution. 

And SSAO varies the number of scale rate and the number of base-resolution 

of visibility buffer which sampled by supersampling. 

 

For quality measurement, Peak signal-to-noise ratio (PSNR) and 

structural similarity [21] (SSIM) are reported as quality metrics, measured 

against REF. 
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Figure 7. Four scene used for our experiments. (a) Rocketbase(RB, 

112,889,959 tris). (b) Rubikcube(RC, 1,056,000 tris). (c) Crytek Sponza(SP, 

262,267 tris). (d) Westerntown(WT, 11,151,400 tris). 
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5.1 Primitive driven supersampling 

 

Our approach shows significantly reduce memory costs compared to the 

conventional deferred shading while achieving similar quality. In addition, our 

effective resolution postprocessing can improve the performance. 

 

Table 1 and Table 2 show the results of the quality comparison that 

primitive driven supersampling by visibility sampling methods, which based on 

supersampling and multisampling.  

 

Scene Scale Albedo Normal Depth Shading 

RB 

4× 29.6/0.988 25.6/0.980 34.2/0.989 30.6/0.990 

16× 27.2/0.981 24.2/0.985 30.7/0.975 29.1/0.986 

64× 28.0/0.984 25.2/0.990 31.5/0.971 30.4/0.990 

RC 

4× 31.0/0.998 30.6/0.997 38.2/0.998 24.3/0.990 

16× 30.4/0.998 30.0/0.997 36.1/0.995 23.8/0.990 

64× 32.5/0.999 32.2/0.999 37.1/0.995 26.2/0.995 

SP 

4× 31.7/0.994 27.6/0.994 45.4/0.995 35.4/0.995 

16× 31.1/0.993 27.3/0.992 36.9/0.983 34.7/0.995 

64× 32.6/0.995 29.4/0.995 36.0/0.973 36.6/0.997 

WT 

4× 33.9/0.995 29.4/0.996 47.0/0.999 31.6/0.991 

16× 33.3/0.994 28.3/0.995 37.7/0.991 31.7/0.991 

64× 34.9/0.996 29.7/0.996 26.5/0.988 33.4/0.994 

Table 1. Quality comparison results of MSAA based visibility sampling 

(PSNR/SSIM, base-resolution: qHD). 
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Scene Method qHD FHD UHD 8K 16K 

RB 

Albedo 59.7/1.00 59.1/1.00 59.9/1.00 58.5/1.00 57.3/1.00 

Normal 52.3/1.00 52.1/1.00 53.6/1.00 52.0/1.00 52.5/1.00 

Depth 87.7/1.00 73.7/1.00 92.5/1.00 76.1/1.00 72.7/1.00 

Shading 55.8/1.00 55.3/1.00 54.6/1.00 55.1/1.00 54.6/1.00 

RC 

Albedo 50.5/1.00 50.7/1.00 49.9/1.00 48.5/1.00 48.4/1.00 

Normal 50.8/1.00 52.0/1.00 51.4/1.00 52.1/1.00 52.2/1.00 

Depth 89.5/1.00 84.6/1.00 83.7/1.00 72.3/1.00 73.3/1.00 

Shading 55.1/1.00 55.7/1.00 57.7/1.00 59.1/1.00 60.9/1.00 

SP 

Albedo 57.9/1.00 59.3/1.00 57.6/1.00 58.2/1.00 59.3/1.00 

Normal 54.8/1.00 53.7/1.00 55.9/1.00 54.1/1.00 55.7/1.00 

Depth 86.3/1.00 87.5/1.00 91.5/1.00 83.6/1.00 95.2/1.00 

Shading 54.3/1.00 53.9/1.00 53.0/1.00 53.2/1.00 52.6/1.00 

WT 

Albedo 55.4/1.00 55.7/1.00 56.1/1.00 56.3/1.00 55.6/1.00 

Normal 49.5/1.00 51.3/1.00 52.1/1.00 50.1/1.00 51.3/1.00 

Depth 86.9/1.00 88.6/1.00 83.6/1.00 88.1/1.00 99.5/1.00 

Shading 56.0/1.00 56.4/1.00 56.3/1.00 55.7/1.00 55.5/1.00 

Table 2. Quality comparison results of supersampling based visibility buffer 

(PSNR/SSIM). 

 

   The average quality of high-rate MSAA based visibility sampling showed 

lower than supersampling based visibility sampling. With MSAA, only one 

visibility sample is captured per MSAA samples, which incur a loss of subpixel 

detail. This occurs at the boundaries of different primitives and that is a major 

factor of reduced visual similarity. 
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   In contrast to MSAA, supersamping based visibility sampling exhibits high 

visual similarity regardless of resolution. We expected the same quality 

(PSNR: Infinity) due to our implementation identically with the same algorithm 

as the raster, but the G-buffer properties, except depth, were measured at 

PSNR of 50–60dB. It seems that albedo and normal which are interpolated by 

barycentric derivatives, that calculated by floating-point in our methods. In 

contrast, the hardware rasterizer interpolated attributes based on fixed-point 

calculation, which can lead to a slight difference in results. 

 

Scene Resolution Vis. Head Vis. List (node count) Total REF 

RB 

UHD 1.04 8.90 (556104) 9.93 132.71 

8K 4.15 20.84 (1302380) 24.99 530.84 

16K 16.59 46.14 (2883950) 62.73 2123.37 

RC 

UHD 1.04 3.45 (215755) 4.49 132.71 

8K 4.15 7.45 (465422) 11.59 530.84 

16K 16.59 15.97 (997918) 32.56 2123.37 

SP 

UHD 1.04 2.78 (173660) 3.82 132.71 

8K 4.15 6.21 (387937) 10.35 530.84 

16K 16.59 12.81 (800814) 29.40 2123.37 

WT 

UHD 1.04 4.44 (277249) 5.47 132.71 

8K 4.15 10.33 (645878) 14.48 530.84 

16K 16.59 23.66 (1478785) 40.25 2123.37 

Table 3. Total memory usage (MB) in different scenes at different resolutions. 

We compared our technique, supersampling based visibility sampling with 1/64 

compaction, to deferred shading. 
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Table 3 shows memory consumption for our compact visibility buffer 

against the G-buffer in four different scenes. the G-buffer has 16 byte format 

per visibility sample(resolution), including linear depth, surface albedo, normal, 

and object ID. In all test cases, our method significantly reduced the memory 

consumption compared to the G buffer. For most cases, primitives span 

several pixels. Due to our approach using the visibility buffer which stores 

primitive associated unique ID, which is able to deduplicate for several 

visibility pixels. In the best case, our technique can represent up to 64 pixels 

as one triangle reference (8 byte). However, in the worst case, 64 pixels 

should be represented by 64 individual triangle references. Nevertheless, our 

method only used an additional 8 byte of memory compared to the G-buffer. 

 

For verifying efficiency, the performance of our approach was measured 

while varying the complexity of the scene. Table 4 shows the rendering 

performance of 16× scale rate visibility sampling based on MSAA (MS) and 

supersampling(SS). The complexity of the scene was assessed based on the 

number of triangle primitives in the scene. 

 

The increase in execution time by resolution is similar to deferred 

rendering. Our supersampling based visibility sampling slightly slower than 

MSAA based approach in most cases. The proposed method shows almost the 

same or sometimes better performance at relatively low complexity. This 

seems to be due to the lower memory bandwidth compared to the G-buffer 

when constructing the visibility buffer. 

 



 

30 

 

Complexity Method FHD UHD 8K 16K 

260K tri. 

184K vert. 

OURS(SS) 0.17/0.12 0.38/0.44 1.19/1.67 4.43/6.50 

OURS(MS) 0.15/0.12 0.29/0.45 0.79/1.71 2.85/6.60 

REF 0.12/0.06 0.43/0.21 1.50/0.80 6.17/3.14 

1M tri. 

0.8M vert. 

OURS(SS) 0.92/0.14 2.23/0.49 3.97/1.80 9.75/6.85 

OURS(MS) 0.80/0.14 1.32/0.48 3.03/1.79 16.47/6.75 

REF 0.76/0.06 1.83/0.21 3.42/0.79 18.42/3.02 

10M tri. 

18M vert. 

OURS(SS) 3.24/0.10 3.41/0.37 4.01/1.41 6.52/5.41 

OURS(MS) 3.26/0.11 3.42/0.38 3.89/1.40 5.93/5.38 

REF 1.69/0.05 1.84/0.18 2.51/0.68 5.45/2.66 

100M tri. 

78M vert. 

OURS(SS) 15.04/0.12 15.27/0.35 16.00/1.25 18.48/4.69 

OURS(MS) 15.05/0.11 15.35/0.34 16.04/1.23 18.02/4.65 

REF 8.06/0.04 8.37/0.16 9.10/0.59 12.06/2.31 

Table 4. Performance comparison results (ms) of each method 

(Sampling/Shading). 

 

However, higher the geometric complexity of the scene, our approach is 

able to converge up to 64 individual primitives to a one visibility buffer head 

pixel. In this case, the cache coherency will be lower which is able to 

negatively affect performance, due to the visibility buffer head was 

constructed to a per-pixel linked list. For this reason, the increase in shading 

time during rendering compared to the conventional deferred shading. 

Especially when rendering scenes of more than 10M, the performance loss is 

noticeable in sampling time. The visibility buffer is populated with primitive 

IDs provided from a geometry shader. Despite pass through the geometry 
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without processing, the geometry shader incurs additional overhead which is a 

primitive assembly stage for primitive processing, in which the vertex 

collection and alignment are performed. This seems to be a major factor in 

increasing sampling time. 

 

5.2 Effective resolution postprocessing 

 

Our approach shows better performance results at high-resolution 

compared to the downsampling based postprocessing without noticeable loss 

of quality. The proposed method measured quality with different 

configurations for each post-treatment, we selected the scenes low polygon 

westerntown (LWT) and sponza(SP) with 223,028 and 262,267 triangles 

respectively. 

 

5.2.1 Depth of Field 

 

For DOF, the proposed technique used upscaling based on hardware 

emulation of 16x MSAA with various base-resolutions. Our method applies 

DOF by directly rendering a low-resolution (base-resolution) blur image with 

CoC applied. All test cases of DOF used a fixed focal plane and a fixed focal 

distance for the measurement. Figure 8 shows the quality measurement result 

compared to the reference with DOF using SSIM and PSNR. 

 

   The proposed technique recorded an overall low visual similarity with an 

average that 36dB PSNR. Unlike REF, which color converge weighted on CoC 

during downsampling, our method directly rendering low-resolution CoC 
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images. For this reason, it seems to be related to the visual similarity of 

primitive driven supersampling results. 

 

 

Figure 8. Quality comparison of DOF on LWT scene (focal plane: 200, focal 

distance: 322). 

 

Figure 9 is the result of comparing the execution time of phong rendering 

including DOF with the reference. In most cases, the proposed technique 

showed lower performance compared to the existing technique. However, it 
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showed a slight difference in execution time of 0.1~0.4ms compared to the 

conventional technique and achieved a performance improvement of 2ms at 

16K resolution. Overall, the conventional downsampling showed better 

performance than the proposed method that directly rendering low-resolution 

CoC blur images. We implemented the DOF algorithm using an optimized 

gaussian blur and CoC image by downsampling. This gathering approach is 

efficient for GPU architecture. However, our method needs to access various 

random positions to generate blurred CoC images, this scatter approach is not 

suitable for GPU hardware. 

 
Figure 9. Comparison of execution time by phong shading with DOF on LWT 

scene. The capture is visibility sampling in our case, otherwise G-buffer 

construction in REF. 



 

34 

 

5.2.2 Screen Space Ambient Occlusion 

 

   SSAO varies the number of scale rate and the number of base-resolution 

of visibility buffer which sampled by supersampling. Since this postprocessing 

technique requires a linearized depth map, the depth is directly output and 

provided at the base-resolution (480×270~3840×2160) in our method. In 

the reference, depth was provided by downsampling from the final resolution 

(base-resolution×scale rate) to the base-resolution. In all cases, 

downsampled SSAO result was interpolated to the final image (phong shading 

result). Figure 13 shows the quality measurement results compared to the 

SSAO-applied reference using SSIM and PSNR in terms of final resolution and 

downscaled depth map size. 

 

   The quality measurement showed high visual similarity in all cases, and the 

similarity was higher with increasing resolution. It seems that the difference in 

visibility sampling method also contributed to achieving high similarity 

compared to DOF. 

 

   Figure 10 shows the execution time of constructing low-resolutions depth 

map and perform SSAO. In most cases, the proposed technique achieved high 

performance and showed more significant results at high-resolution. In 

particular, the time to process of SSAO was similar, however, the time of 

depth construction makes difference. Our method more significantly reduces 

rendering time at a relatively higher rate of downsampling. It seems that stall 

for 1/64 downsampling of the conventional approach, which needs 8 rendering 

passes. 
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In contrast, our method is able to achieve better performance using on-the-

fly reconstruction, which through the representative sample stored in the head 

of the low-resolution depth value. 

 

 

Figure 10. Comparison of execution time by phong shading with SSAO on SP 

scene. The capture is visibility sampling in our case, otherwise G-buffer 

construction in REF. 
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Figure 11. Quality comparison of SSAO on SP scene. 
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6. Conclusion and Discussion 

 

In this paper, we propose a rendering pipeline to scalable dynamic 

resolution for postprocessing. Compared to the common approach of 

postprocessing with downsampling in deferred rendering, capture visible 

triangle references rather than geometry information, resolve and compaction 

that can be done downsampling methods, and lossless upscaling with attribute 

interpolation using rasterization algorithms.  

 

Our approach showed lossless upscaling up to 64× resolution at various 

capture dimensions without additional geometry pass. Also, significantly 

reduce memory costs compared to G-buffer in deferred rendering. For 

postprocessing, we showed the efficiency of our on-the-fly low-resolution 

rendering instead of downsampling. 

 

However, the visibility buffer approach populated triangle reference, which 

consists of primitive ID, which requires a geometry shader. In the case of the 

higher geometric complexity of the scene, the geometry shader leads to a 

bottleneck of the GPU rendering pipeline. In addition, due to our visibility 

buffer employ a per-pixel head linked list, cache coherency is able to lower 

than the conventional approach in high geometric complexity scene. Therefore, 

research to find a more efficient converge and store method should be 

conducted. 
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Our visibility sampling with high-rate MSAA, which loss subpixel detail, 

can be solved by additional pass using sample shading for subpixel detail. 

However, additional geometry passes may not efficient than supersampling in 

high complexity scenes. Avoiding the additional geometry pass and efficiently 

converge subpixel detail with high-rate MSAA is will be the main issue in 

future research. 

 

We presented an effective and scalable dynamic rendering technique for 

postprocessing. The proposed compacted visibility buffer can significantly 

reduce memory costs, lossless upscaling without additional geometry pass. 

The postprocessing at high-resolution can be affected by on-the-fly 

rendering using representative triangle reference. The performance can be 

further improved by view frustum culling and occlusion culling. Our approach 

can serve as a basis for postprocessing or adaptive streaming applications 

which require high-quality rendering image and multi-platform service. 
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논문요약 

 

후처리를 위한 확장 가능한 동적 래스터화 기법 

 

강준원 

소프트웨어학과 

성균관대학교 

 

 

일반적인 벡터-래스터 파이프라인은 래스터화 후 기하학적 정보를 

잊어버리므로 후처리 기술은 동일하거나 더 낮은 해상도에서만 수행될 수 있다. 초 

고화질(UHD)와 같이 디스플레이 해상도가 빠르게 증가함에 따라 렌더링 

파이프라인의 병목 현상은 픽셀 경계 장면에서 더욱 심화된다. 따라서 픽셀 기반 

후처리 기술은 더 이상 저렴하지 않으며, 효과를 적용하는 해상도는 더욱 낮아질 

필요가 있다. 일반적으로 다운 샘플링은 저해상도 이미지를 구축하는 간단한 

방법이나, 이는 지연된 렌더링에서 G-버퍼에 대한 기하학적 세부 사항의 손실을 

초래한다. 대조적으로, 본 논문의 접근법은 초기 래스터화에서 화면 공간 삼각형 

참조를 저장하고 최종 래스터화 프로세스를 연기한다. 래스터화는 여러 해상도에서 

효율적으로 수행할 수 있으며 해상도 측면에서 효과적인 수준의 세부 정보를 얻을 

수 있다. 또한 고해상도의 경우, 픽셀 경계 이미지보다 저장소 사용에 있어 더 

효율적이다. 본 접근법은 확장성이 뛰어난 동적 해상도 파이프라인을 가능하게 

하며 효과적 해상도 후처리 및 압축 렌더링에도 사용할 수 있다. 

 

 

 

주제어: 래스터화, 고해상도, GPU, 후처리, 업스케일링 
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