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3D models from the reconstruction of real-world objects have photorealistic 

details. This realistic detail in the visualization needs to be supported by a 

visualization environment that is able to represent realistic real-world conditions. 

However, the environmental light information on the reconstructed 3D object was 

lost in the reconstruction process. This is because the light obtained from scanned 

real-world objects for reconstruction can reduce the accuracy of the 

reconstruction results. This inaccuracy is caused by alterations in the light 

reflected from the captured object, causing the texture of the object difficult to 

reconstruct. In the visualization of the scanned object, the light that appears on 

the object is reformed virtually through ray tracing. This research utilizes the RT 

core technology on the Ampere graphics processor architecture introduced by 

Nvidia. With this technology, the ray tracing process can be carried out in real-

time, enabling realistic and dynamic visualization. In this study, an application 

that is able to perform 3D visualization will be made by utilizing real-time ray 

tracing with an RT core on the graphics processing unit of the Ampere 

architecture. This application is able to blend virtual environments and 3D 

models that are reconstructed from the results of scanning real-world objects. We 

will demonstrate that this application can later become a 3D visualization 

solution for models from the reconstruction of real-world objects. 
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1. Introduction  

 

 Ray tracing is a set of algorithms that allow users to achieve photorealistic graphics[1], algorithms that 

allow users to apply next-generation lighting effects that look as realistic as possible: scattered shadows, 

background darkening, reflections, refractions, and more[1]. There have been several hardware acceleration 

implementations for ray tracing in the past, but none are widely available in terms of implementations 

accessible in consumer-grade graphics accelerator devices[2]. This is until the solution of real-time ray 

tracing technology was introduced by Nvidia Corporation [3]. The RT cores introduced in the Turing 

architecture by Nvidia Corporation are capable of accelerating the ray tracing process which allows the use of 

ray tracing on consumer-grade graphics processors [4]. 

The emergence of this technology opens up many opportunities, especially in the field of computer 

graphics, especially in the visualization of 3D objects resulting from the reconstruction of real objects. Light 

plays an important role in object visualization [5]. However, in 3D objects reconstructed from real-world 

objects, the environmental light information captured in the retrieval of real-world object information can 

reduce the accuracy of the reconstruction results[6][7]. So that in the visualization, the light that appears on 

the object is regenerated virtually through ray tracing. This process requires high computational performance 

so it is difficult to do in real-time and ubiquitous [8]. This results in the lighting of the virtual environment in 

which the 3D object is visualized are not dynamic. Lighting is done statically using illumination that is 
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"baked" to objects in the environment [10]. So that changes in light due to perspective or dynamic 

interactions with objects are not visualized. 

With the advent of ray tracing technology in the Turing architecture, interactive games are able to 

utilize this ray tracing in-game visuals [9]. The artificial 3D objects that are visualized in the game can be 

rendered with dynamic lighting in real-time. This research will utilize ray tracing technology to visualize the 

results of the 3D reconstruction of real-world objects with global and dynamic environmental lighting. It is 

hoped that the results of this study will produce prototypes and design pipelines for the visualization of 3D 

objects obtained from the reconstruction of scanned real-world objects. 

Ray tracing is a technique that utilizes ray casting to recursively collect light contributions from 

reflective and refracted objects [11]. Ray casting itself is the process of finding the nearest object, or 

sometimes an arbitrary random object, along the ray [11]. As an example in Figure 1, three rays travel from 

the camera to the scene. The top, green light directly on the box. The middle purple ray hits the mirror and 

reflects off to pick up the back of the box. At the bottom, the blue light hit the glass ball, spawning reflection, 

and refraction rays. The refracted ray in turn produces two more daughter rays, with the ray traveling through 

the glass producing two more rays. This example is a simple multipoint ray cast, wherein actual application, 

there are many light points that are cast against the visual perspective of the user's camera. 

 
Fig. 1 Ray tracing ilustration[11]  

In the real world, many sources of light emit, which reach the eye in various ways, including refraction 

and reflection. Glossy surfaces reflect light in many directions, not just along the direction of reflection. 

Diffuse or matte surfaces scatter light in a wider spread as illustrated in figure 2. In tracing the path of the 

cast from the beam, it is necessary to take into account the scattering behavior of the light, the outward 

direction, and the material to help determine the importance of the various ingress directions to the surface 

shadow. 

This ray tracing process when carried out in real-time requires large computational power [12]. This 

process in computing requires a professional-class graphics processor such as the Titan series from Nvidia 

[13]. But lately, hardware technology, especially in graphics processors, has improved rapidly, so that we are 

in an era where real-time ray tracing can be done with consumer-grade graphics processors [4]. Nvidia 

introduced RT cores technology in their GPU (Graphics Processing Unit) architecture, the Turing 

architecture. This technology enables real-time ray tracing on consumer-grade graphics processors. 

Moreover, in the latest architecture from Nvidia which was announced in September 2020, namely the 

Ampere architecture, the latest GPU from Nvidia has higher performance at a price half times cheaper than 
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the previous generation[14]. This shows the trend of real-time ray tracing technology which is increasingly 

affordable, where hardware access is widely accessible to consumers. 

 
Fig. 2.  Mirror reflection, glossy and diffused rays. Left: incoming light is reflected in one direction from the mirror 

surface. Center: a polished surface, such as brass, which reflects light near the direction of reflection and gives it a glossy 

appearance. Right: diffuse or matte material, such as plaster, and incoming light is scattered in all directions.[11] 

Seeing the potential ubiquity of this technology, the applications offered with real-time ray tracing are 

also very broad. One study showed the performance of this GPU device from Nvidia for linear algebra 

computing showed an increase of up to 1.8 times [15]. Another study using ray tracing from Nvidia in radio 

wave propagation shows that only the ray tracing application from the NVIDIA OptiX GPU is able to 

provide convergent results [16]. Examples of other applications are in the field of satellite communication 

[17], distribution of the electromagnetic spectrum [18], aero optics [19], and many others [20][21][22]. 

 
Fig. 3.  Pipeline of 3D visualization with ray tracing enabled  

For the use of real-time ray tracing in 3D visualization, it has been widely implemented in electronic 

games [9]. Real-time ray tracing is able to provide a real perception of a visualized virtual object [23]. With 

the potential that exists in GPU capabilities from Nvidia, it allows artist directors to change the technique of 

visualizing artwork in virtual 3D models. Techniques that previously used pre-rendered animation became 

live dynamic interactions by the user manipulating shapes and viewing them from new angles as they were 

displayed in real-time[23]. This interactive visualization has been designed since the era of Nvidia's Turing 

architecture GPU, the Nvidia GeForce RTX 2080 Ti consumer-grade GPU[23]. 

 

2. Method 
 

 The implementation of this research is in accordance with the flow shown in Figure 3. For the 

visualization of this 3D model, an application that is able to display 3D objects is needed in real-time. This 

application is planned to be made using the Unity3D game engine. This game engine was chosen because it 

supports real-time ray tracing capabilities available on Nvidia GeForce GPU devices[24]. This application is 
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designed with dynamic interaction capabilities in its visualization so that real-time ray tracing capabilities 

will be deployed to the maximum. 

 
Fig 5.  Digital image collection of the object of interest that are used for 3D reconstrunction[25] 

 
Fig. 5.  3D scanned result of the object of interest for visualization with ray tracing enabled [25] 

In addition to making applications, it is also necessary to create a virtual environment that will be 

displayed in the visualization. This virtual environment is created with refractive and reflective virtual 

materials to enhance the dynamic light effect of real-time ray tracing. Visualization applications and virtual 

environments that will be displayed in visualizations are made with real-time ray tracing that utilizes RT 

cores from the Nvidia GeForce GPU with the latest architecture, the Ampere architecture [14]. Therefore this 

application requires a graphics card device that has the GPU to run. 

The main model that becomes the center of visualization will be placed in the artificial environment. 

This main model itself is available from research data that has been done previously [25]. This model is the 

result of reconstruction from scanning real-world objects shown in figure 4. The reconstructed model in 

figure 5 does not have light information, later artificial light from real-time ray tracing carried out in a virtual 

application environment will be able to affect the visualization of the objects. Other studies have 

demonstrated the effect of real-time ray tracing on artificial objects[23]. Later, by using reconstructed objects 

from the real world, the effects of real-time ray tracing on the photorealistic level of the 3D objects can be 

analyzed. This visualization application will be engineered with Unity game engine, while the virtual 

environment is created by a 3D artist. After the two processes are completed, as shown in Figure 3, the 

integration of all components will be carried out, including applications, virtual environments, and 3D 

models resulting from the reconstruction. 
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3. Result and Analysis 
 

Model integration and visualization of a virtual environment and 3D scanned object shown in figure 6.a. 

As shown in that figure, the 3D environment, as well as the 3D scanned object appear to blend since it’s 

artificially enlightened with a uniform light without ray tracing process enabled. The jar object which is taken 

from a real-world object 3D scan is appeared very bright. This is caused due to the nature of the scanned 

model as it is taken from the real world with neutral lighting. As mentioned before, the information regarding 

surface lighting of the 3D scanned object is lost. The visualization with the recreation of light data in virtual 

environments is shown in figure 6.b. With ray tracing enabled at high definition render process on Unity3D 

game engine, environmental light is recreated thus affecting the visualization result. As shown in figure 6.b 

the 3D scanned object appears more natural since the light reflected from object texture is in unison with 

reflection from environmental light toward the view projection of the virtual camera. The puddle at the 

environment below the 3D scanned object is also able to project mirror-like reflection of the 3D scanned 

object. 

 
(a) 

 
(b) 

Fig. 6.  3D scanned object visualization in virtual environment (a) without ray tracing enabled, (b) with ray 

tracing enabled. 

The force stand object that reinforces the 3D scanned object is made of the metallic refractive object, at 

figure 6.a that object appears to be black due to the nonexistence of simulated environmental light, thus no 

light refracted. Figure 6.b shows that the force stand object is able to refractively appear as a metalic object 

with ray tracing enabled. Figure 7 shows another perspective of the environment and 3D scanned object. 

With simulated light source appearing from the left relative at 3D scanned object position, the object texture 

at figure 7.b also appear brighter at the source of light exposure, while at the opposite side of the light source, 

the object texture appears darker, also the shadow can be seen opposite from the light source. This was 

achieved with simulated light from ray tracing. Whereas figure 7.a show the environment and 3D scanned 

object without a ray-traced light source. 
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(a) 

 
(b) 

Fig. 7.  Another 3D scanned object visualization in virtual environment (a) without ray tracing enabled, (b) with 

ray tracing enabled. 

 

4. Conclusion 
 

Our result demonstrates the capability of ray tracing technology based on Nvidia Ampere Architecture 

GPU on consumer level graphic cards. The ray tracing handled by the GPU is able to visualize 3D models 

reconstructed from real-world objects with artificially generated light data. Our method can be applied in 

creating light data either fully artificial or reconstructed based on real-world data. Since it can be done using 

consumer level graphic cards, the future ubiquity of this technology will emerge as the graphic processing 

technology progresses and become more accessible. 
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