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Real-Time Ray Tracing
Haokun Zhu, Ning Li

Abstract: In computer graphics rendering, ray tracing algorithm is considered as an effective and widely used realistic
drawing algorithm. Ray tracing has long been regarded as the next generation mainstream image rendering technology due
to its realistic rendering effect. However, ray tracing techniques are extremely resource-consuming and are mostly applied
in offline rendering, and almost can only be applied at low resolution and low frame rate situation in real-time render-
ing. This project try to implement real-time ray tracing, using ray tracing algorithms for real-time rendering of geometric
shapes and simple mesh models to achieve visual effects such as shadows, reflections, refractions, etc. The implementation
process of this project utilized the OpenGL programming interface and the graphics rendering pipeline to maximize the
use of hardware performance. The advantage of this project is that it successfully implements ray tracing algorithm and
applies it in real-time rendering, realizing various visual effects such as shadows, reflections, refractions, etc. Use SMAA
algorithm to achieve anti-aliasing, taking into account the performance and efficiency. Besides, this project improves the
performance of real-time ray tracing with the help of algorithms such as Bounding Volume Hierarchy(BVH), and achieves

good performance even when rendering polygonal mesh models.
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Algorithm 1 Ray Tracing

function RAYTRACING(ray, max_depth)
for depth from 1 to max_depth do
object = CalculateIntersect(ray)
if object = background then
color += environment*mask(background)
break
end if
if object = light then
color += light*mask(light)
break
end if
if object = ObjectWithoutReflectAndRefract then
color += diffuse*mask(object)
break
end if
if object = ObjectWithReflectOrRefract then
color += diffuse*mask(object)
ray=ReflectOrRefract(ray)
end if
if object = ObjectWithReflectAndRefract then
color += diffuse*mask(object)+getReflectedColor(ray)
ray=Refract(ray)
end if
end for
return color
end function
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Algorithm 2 Intersection Determination with BVH

function HITBVH(ray, root) distance = INF
stack.pushback(root)
while stack is not empty do
node=stack.pop()
if node is a leaf node and Intersect(ray, node) then
distance = min(distance, CalculateDistance(ray,node))
end if
if node is a middle node then
if Interrect(ray, node.leftchild) then
stack.pushback(node.leftchild)
end if
if Interrect(ray, node.rightchild) then
stack.pushback(node.rightchild)
end if
end if
endwhile
return distance
end function
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