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Introduction 
This sketch presents a method for real-time 3D Sumi-e rendering. 
Sumi-e is the one of representative art forms of the Black ink 
painting in Korea, Japan and China. Most of researches about 
Sumi-e paintings in NPR (Non-Photorealistic Rendering) have 
focused on 2D or 2.5D Sumi-e brushwork simulation. We suggest 
a new automated rendering system for 3D image of Sumi-e 
painting.  

The followings are three main contributions. First, 3D Sumi-e 
rendering needs new concept of Sumi-e painting. We newly 
model 5 features of Sumi-e painting for 3D and suggest rendering 
algorithms for each ones: Nong-dam, Brush Stroke, Bal-Muk, 
Atmospheric Depth & Inside Omission and Paper Effect. Second,  
only an experienced user could generate Sumi-e image on 
previous the 2D drawing system. We present an immediate Sumi-
e drawing system using an arbitrary 3D model as an input data. 
Third, fast real-time rendering should be guaranteed on a 3D 
game and a VR system. We achieve real-time rendering using 
hardware-accelerated rendering algorithms, which is an effective 
method on the graphics hardware of the customer level.  

Our system consists of Pentium IV 1.7GHz, 640M RAM, 
nVIDIA GeForce4 Ti 4400 video card. The 3D model has 14,000 
faces can be rendered from 12 to 140 frames per second with 
various painting styles.  
 

  
Figure 1. Computer-generated 3D sumi-e paintings. 

 
Technology 
We developed the Sumi-e NPR system based on the modeling of 
five Sumi-e effects. The algorithm consists of the following 5 
steps.    
 
1. Nong-Dam Effect: In the Sumi-e painting shading is used as 
the method for expressing imaginary volumetric feeling of object. 
It is called Nong-dam effect in the Sumi-e painting. Our shading 
function shows this kind of property by varying luminosity from 
dark tone to bright tone forwarding outside adding with noise 
value.  

2. Brush Stroke Effect: The brush stroke of the Black ink 
explains the object shape and painter’s emotion. In the 3D space, 
it needs detection of features and silhouettes of the input 3D 
model, and rendering of 3D lines. These usually take long 
computation times. We used the customized sphere mapping 
method for brush work drawing which shows two feature of a 
Sumi-e painting – the closure effect and the diversity of brush 
works. it dose not require the explicit computation of silhouettes 
and can be accelerated by graphics hardware effectively with 
various brush stroke styles. 
 
3. Bal-Muk Effect: One of the Sumi-e features is irregular 
spreading, which is settled by the ratio of Black inks to absorbed 
water amount in brush. It is called Bal-Muk effect. We added 
supplementary shading effect by using shell texture [Lengyel 
2001]. It is a real-time method for expressing the volumetric 
feeling with customized outline silhouette. Therefore the 
interpolated ink spreading can be rendered efficiently on the fly.    
 
4. Atmospheric Depth & Inside Omission: In the Sumi-e 
painting, objects in the background are usually painted with the 
diluted ink to give the distance feeling. Because of simplicity and 
deformation concept, inside of object is usually omitted. Fogging 
is an effective hardware acceleration method for hiding object in 
real-time. Exponential fogging for atmospheric depth and 
spherical fogging is used for inside omission effect.  
 
5. Paper Effect: The papers which are used for Sumi-e painting 
are very thin, textured and absorbent. These are actually a mesh of 
fibers. We construct paper buffer having a fiber mesh structure 
[Lee 2001]. An image which has passed above 4 effect module is 
sent to a paper buffer first, and then image processing is achieved 
on that paper following the line of mesh fiber. The paper buffer 
consists of 2n blocks and the intensity of image processing is 
determined in proportion to the number of fibers in block. By 
blending this paper buffer with the previous 3D rendering result 
using the screen aligned billboarding, final 3D Sumi-e image is 
generated.   
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Figure 2. Computer-generated 3D Sumi-e painting. 


