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[Abstract]

Image production using three-dimensional (3D) programs undergoes a process called rendering to
visualize 3D data. Because this process is time-consuming and costly, the reduction of rendering cost
has emerged as an important problem that requires resolution. This work aims to overcome the
limitations of the current 3D image production pipeline and propose a method for reducing the
production time by adopting a game engine for real-time rendering. In the experiment conducted in this
study, rendering using Maya (a 3D production program) and Unity were compared and analyzed. The
analysis results indicate that Unity enables rendering in real time; consequently, the rendering cost is
reduced. Moreover, the quality of the rendered image is similar to that produced by Maya. The
proposed technique involves reducing the render time and providing guidance through access to a

real-time rendering engine.

» Key words: Lighting and Rendering, Real-Time Rendering, Game Engine,
3D Production Pipeline, Rendering Methods
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I. Introduction
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Table 1. Graphic Development in Game
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II. Preliminaries

1. 3D Modeling Program “Maya”
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Table 2. Movies Made using Maya
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Fig. 1. 3D Animation Production Pipeline

2. Real-time Render Engine Comparison
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2.2 Unreal Engine
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Table 3. Unity and Unreal Comparison

Feature Unity Unreal
Scripting . . C++, Blueprint
Languages C#, UnityScript Visual Scripting

ul UI objects on Widgets and
Canvas, IMGUI Blueprints
Directional, Point, Directional, Point,
Lighting Spot light, Area Spot light, Area
light light, Sky light, IES
Image based GI,
Global Baked GI, Image based GI,
illumination Precomputed Baked GI
realtime GI
ImrzzjefD fox, dae, 3ds, dxf, fox, obj, srt
c4d, jas, Ixo, blend (speedtree)
formats

2.3 Real-time Render Engine Pipeline
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Fig. 2. Artist Workflows with Maya(left) and Unity(right)

3. Lighting and Rendering Methods
3.1 Light Types
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Table 4. Light Types in Maya and Unity

Type Maya Unity
-Parallel -Located infinitely far
-Simulate a very distant |away and emits light in

) point light source one direction only

Direct

-ional
A bgam of light evenly ‘Located at a point in the
within a narrow range of L .

) . scene and emits light in
directions  that are 2 cone shape
defined by a cone P
Spot

. . -‘Located at a point in the
-Shines evenly in all L .
; ; scene and emits light in
directions . .

all directions equally

B -

‘Rect | h . .

ec.angu ar shape ‘Defined by a rectangle in
‘Resizable

the scene,
‘Longer to render
Area .
Ve

‘Mesh its lik light . . .
. esh emits fike a lig -Material option emitter
itself

i n
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3.2 Direct Light vs Global Illumination (GI)
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III. The Proposed Scheme

1. Production Process in Maya
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Table 5. Production Process in Maya

Step explanation image
‘First step in production
‘Decide what will be on the
Step 1 screen based on the
Layout storyboard
‘Deal with complex camera
movements
Step 2 ‘Modelled with Polygon for
Modeling | hard surface
‘Defines glossiness,
textures, etc on a surface
Step 3 . }
. ‘Applied aiStandardSurface
Shading . ;
. as we will render the image
Texturing . .
with  Arnold renderer in
Maya
‘Key frame animation
Step 4 | -Setup bones and
Animation |controllers to animate
character
Step 5 -Setup 3 area lights for key
Lighting |light, fill light, rim light
‘Converted 3D data to
images
t .
ReSnEZrién ‘Used arnold renderer as it
9 lis a full Ray Traced / Global
Illumination solution
‘Combined all image
Step 7 sources aqd Iig.hting passes
Cormposition to make final images
P ‘Used Nuke program for
composition

2. Production Process in Unity

FUEIE 21, ool #7152 AlFsha 9
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L9 dolHE fUE 2 dxE(import)sf #o]d, HA
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Table 6. Production Process in Unity

Step explanation image
-First step in production
‘Decide what will be on the
Step 1 screen based on the
Layout storyboard
-Deal with complex camera
movements
Step 2 ‘Imported modelling data
Import
. from Maya
modeling
‘Fixed Function Shader,
Vertex & Fragment Shader,
Step 3 Surface Shader
Shading ‘Applied Standard Shader
Texturing |as it does not require
scripting and it is artist

friendly.

Step 4 -Setup 3 area lights for key

Lighting light, fill light, rim light

Step 5 .

Baking Bake lights X
Step 6 .

Rendering Not Applicable X
Step 7| ot Applicable X

Composition

3. Comparison of Lighting and Rendering
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Table 7. Comparison of Production Process in Maya
and Unity

Item Maya Unity
No. of Steps 5 Steps 4 Steps
Layout 10 min 10 min

Shading .

Working Texturing 1 hour 40 min
Time in baking 0 min 5 min
stages Lighting 30 min 20 min
Rendering 35 min 0 min
Composition 30 min 0 min
Total Working Time 2 hou.rs ! hou.rs
45 min 15 min
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Fig. 5. Comparison of Working Time in Maya
and Unity (units: min)

IV. Experimental Results
1. Experimental environment
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Table 8. Workspace of Maya and Unity

Program workspace

maya
2019-
Arnold

Renderer

unity
2020.3.21

2. Shading and Texturing
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Fig. 6. Surface shader applied in Unity

3. Lighting and Rendering

3.1 Scene Setting
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3.2 Key Light Setting and Baking
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Fig. 7. Only Key light Applied in Unity
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Fig. 10. Animated Ball
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Fig. 8. Additional Lights in Unity Wire Frame Mode
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Fig. 9. Reflection Probe Area in Unity

4. Post Processing and Final Render
2}o|E S £ =W o 1AgE] miZol

gAlol 9 BAEL fEldlE JES & 4 Yok 4o
A g0l e QBAME £ GTE R W

2 offet ol Aottt

QM 7] 2fo]ER AREH Directional Light®] Mode=
Mixed2 A7gstol, o]t S0l QuAE @&
ALo] Fe 2 MAsitt =401 |7 THEY gojEH=
Statico 2 “47J3litt. Directional Lighte] TR} Al 2}o]E AEJo] U EW ojofojjal o]0]A]|2 exri

of A= At HA] e ddol FJAEQITE TA] Tfok - ohoz sSigjmoA] AJEA s Nukel} After effect
oA wAgt 2 29 slu SUE|d] FBXTIYUR QX zro ™MD gy ma Jaio]A st o] Wasi)
Esfl g Qo] 1A} 7hA%(Casting)= =5 273310 ojof HIsH FUEIME EtYetlS AHA TiofoflA]
T3 10 A= ofydold & E(ball)g 2150 A Qo ztei= ool M Hlo|E]E @ BAEo] A3t} QU E]




Comparative Analysis of Three-Dimensional Real-Time Rendering Methods 31

Ao GRS kg ol ksl 28 B

S BN Yol AT YH§ Bel2 DAY= Kol S B
ol A0l EANIAISE A4l Stegole] WO

5. Lighting and Rendering Results
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Table 10. Comparison of Lighting and Rendering Results

Item Maya Unity
_ 1 Directional light | | Directional light
No. of lights . -5 Area lights
17 Area lights ;
and Types 4 Mesh lights 4 Mesh lights
9 -8 Point lights
Total lights 22 ea 18 ea
Shader Blinn Standard Shader
‘Camera(AA) 6 ‘Direct Sample 128
‘Diffuse 5 ‘Indirect Sample 256
Render .
-Specular 3 ‘Environment Sample
Sample .
Settin ‘Transmission 2 512
9 SSS 2 -Lightmap Resolution
‘Volume Indirect 2 |32
Working . .
. . Approximately 1.5 Approximately 1
Time in hour hour
Lighting
Bake Time Not Applicable 7 min 48 sec
Render Time |41 min 59sec Not Applicable
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V. Conclusions
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