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Abstract: This article presents an algorithm for the automatic generation of illustrations 

performed with chalk and ink hatching techniques. Methods for obtaining different types of hatch 

patterns are presented. The results obtained with different patterns are compared. 

 

 

1. INTRODUCTION 
 

The chalk and ink hatching technique is 

used very often for creating illustrations. Usually 

this technique is manually performed by interior 

designers, architects and artists. It is based on 

three colors: gray, which is the natural color of 

the support, black, which is used to simulate dark 

tones, and white for simulating bright tones. 

Although these illustrations contain only three 

colors, they seem to be made up of several 

shades, which are simulated with parallel 

hatching lines. Brighter or darker tones can be 

created by controlling the thickness or the 

density of the hatching lines. The two techniques 

can be applied independently, or they can be 

combined. 

 

 

2. RECENT RESULTS 
 

There have been proposed various 

techniques for automatic creation of illustrations. 

Most of them try to imitate the classic hatching 

techniques used by artists and designers. While 

some of them focus on the direction, color and 

shape of hatch lines, others are optimized for 

efficiency so they are fast enough to run in real 

time.  

In [1] is presented a method for 

automatically converting a picture into a pencil 

drawing. The proposed method uses emphasis 

and elimination effects. It is based on a 

computational model for visual attention that 

predicts the focus of attention in the input image. 

Regions of less importance are eliminated 

progressively. In [2] are presented a set of 

algorithms and tools for generating paintings, 

illustrations, and animations. The algorithms 

produce visually pleasant and expressive images 

that look like hand painted or drawn. In [3] is 

presented a method for automatically rendering 

pen and ink illustrations of trees. A tree model is 

represented by the tree branches and the foliage, 

using abstract drawing primitives. A method for 

implementing the principles of pen and ink 

illustration is presented in [4]. The method 

achieves textures and tones with line drawing. 

Stroke textures allow rendering that is resolution 

dependent. An effective hatching technique that 

can run in real-time even for large resolution 

images is presented in [5]. The technique is 

based on a set of 3D models and on photo 

realistic textures. A set of real time methods that 

emulate cartoon styles are presented in [6]. The 

methods are based on a real time pencil 

sketching technique for texture mapping. In [7] is 

presented a method for rendering surfaces in pen 

and ink. The method is based on controlled 

density hatching for representing tones, textures, 

and shapes. A set of methods for line art 

rendering of smooth surfaces is presented in [8]. 

An algorithm for finding silhouettes that is based 

on geometric duality and an algorithm for 
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segmenting the curves into smooth parts with 

similar visibility are included. A technique of 

non-photorealistic rendering is presented in [9]. 

It is based on ribbons created by partitioning a 

point cloud into several unidirectional strips. 

Methods for hatching, cross hatching, and 

silhouette rendering are presented. A method for 

line art rendering freeform polynomial and 

rational surfaces is presented in [10]. The method 

is efficient enough to run in real time. An 

algorithm for rendering 3D graphics scenes is 

presented in [11]. It generates stylized images, 

suggesting the complexities of the scenes. The 

algorithm is customizable and produces effects 

for representing fur, grass and trees. In [12] is 

presented a method for real time non 

photorealistic rendering. The method is based on 

hatching strokes that are scaled to obtain correct 

size and density, depending on the resolution of 

the image. A framework for rendering different 

surfaces with complex geometry and arbitrary 

topology is presented in [13]. Several hatching 

and cross hatching patterns are used. The 

simplicity and effectiveness of the framework is 

demonstrated. Some sample renderings for a 

variety of models are provided. 

 

 

3. THE PROPOSED METHOD 
 

The algorithm proposed in this article 

simulates the gray tones in an image, with hatch 

patterns of parallel or crossing lines. The patterns 

are made up of white or black hatch lines on a 

gray background. The thickness, density and 

color of the hatch lines are correlated with the 

brightness of the corresponding area in the 

image. The illustrations created using the 

proposed method have an aspect situated 

between the illustrations created manually by 

artists, and the images obtained automatically by 

dithering techniques. 

The proposed method resembles a filtering 

technique. These techniques are used mainly for 

blurring, detail enhancement and contour 

detection [14], [15]. Applying a filter to an image 

involves changing each pixel in the image based 

on the pixel value and a group of neighboring 

pixels. The filter is a square array of weights that 

contains an odd number of lines and columns. 

Filtering an image is an iterative operation in 

which the filter is moved over the image so that 

the central element of the filter passes the entire 

image. At each iteration, the new value of the 

image pixel that is covered by the central 

element of the filter is calculated, taking into 

account the pixels covered by the filter and the 

weights in the filter. In order to be able to filter 

the pixels at the edges, the image is virtually 

expanded by mirroring outwards. 

Three different filter dimensions were 

used to generate the hatch patterns: 3 x 3, 5 x 5 

and 7 x 7. The number of different hatch patterns 

these filters can generate and the maximum 

thickness of the hatching lines are presented in 

table 1. 

 
Table 1. Number of hatching patterns and maximum 

line thicknesses. 
Filter 

dimensions 

Parralel lines 

hatch patterns 

Crossing lines 

hatch patterns 

Maximum 

thickness 

3 x 3 7 13 2 

5 x 5 11 31 4 

7 x 7 15 57 6 

 

The arrays shown in figure 1 were used for 

generating the parallel lines hatch patterns. They 

will be called hatch pattern arrays (HPA). The 

HPAs shown in figure 2 were used for generating 

the 31 crossing lines hatch patterns of the 5 x 5 

filter. The hatch patterns with cross-lines are 

generated in two passes. In the first pass, the 

HPA in figure 2.a is used for generating the main 

direction hatching lines. In the second pass, lines 

of hatching perpendicular to the main ones are 

generated, using the HPA presented in figure 2.b. 

 The hatch filter is different from a 

regular filter by the fact that it changes n pixels 

at each iteration, where n is the size of the filter. 

The central element of the filter does not go 

through the whole image. Its trajectory 

determines the directions of the hatch lines. 

These directions are shown in figure 3. The 

proposed algorithm can produce two types of 

hatching patterns. The first type contains only 

parallel lines. For generating this type of pattern, 

the image is traversed starting from the top-right 

corner, following the directions of the lines 

shown in figure 3.b and continues until the 

opposite corner is reached. The second type of 

hatching patterns contains crossed lines. To 

generate this type of pattern, after the first image 

traversal, a new traversal starts from the top left 

corner, follows the directions of the lines shown 
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in figure 3.c and ends when the right corner is 

reached. The main hatching lines are generated 

using the HPAs of the type presented in figure 

2a. The secondary hatching lines are generated 

using HPAs of the type shown in figure 2b. 

 

5

7

 
5

11

 
a.) HPA for 3 x 3 filter b.) HPA for 5 x 5 filter 

7

15

 
c.) HPA for 7 x 7 filter 

Figure 1. Parallel lines HPAs. 

 

5

31

 
a.) Main direction HPA for the 5 x 5 filter 

5

31

 
b.) Secondary direction HPA for the 5 x 5 filter 

Figure 2. Crossing lines HPAs. 

 

a

bc

 
Figure 3. Hatch lines directions. a.) Original image. 

b.) Main hatch lines. c.) Secondary hatch lines. 

 

 

4. THE HATCHING ALGORITHM  
 

The algorithm for generating hatch 

patterns uses the following parameters: 

‒ MAX is the maximum brightness of the 
image pixels. Typically MAX is 255. 

‒ n is the size of the filter. 

‒ d is the position of the central element 
within the filter, and is calculated as: d = 
(n-1)/2.



The algorithm consists of the following steps: 
1. Initialize all pixels of the output image 

with gray color. 
2. The main hatching lines generation 

operation starts from the upper-right 
corner of the original image. The 
secondary hatching lines generation 
operation starts from the upper-left 
corner. 

3. If the last hatch line ended, then stop. 
Otherwise place the filter so that its 
central element covers the first pixel of 
the hatch line. 

4. Calculate the arithmetic mean (m) of the 
group of pixels covered by the filter. 

5. Calculate the column number (c) to be 
retrieved from the HPA:  

c = (int)(m*(n+1)/(MAX+1)) 
6. Replace a group of n pixels from the 

output image with column c in the HPA, 
so that the central element of the filter is 
in the middle. Only the white or black 
pixels from the HPA will be copied in 
the output image. This allows the 
generation of cross-hatch lines in two 
separate passes.   

7. If the last pixel of the hatch line is 
reached, jump to the next hatch line and 
proceed to step 3. (The distance between 
two adjacent hatch lines is n pixels.) 
Otherwise move the filter to the next 
pixel along the hatch line and proceed to 
step 4. 

 

This algorithm generates hatch patterns 

with thicknesses and densities that simulate the 

brightness of regions covered by the filter. 

According to table 1, the size of the filter 

determines the number of gray levels that can be 

simulated and the maximum width of the hatch 

lines. Thus, a n x n filter will generate hatch 

lines of thicknesses between 0 and n-1 pixels. 

For n-pixel lines, solid black or white are 

obtained. Figure 4 presents hatch patterns 

generated with the proposed algorithm.  

The images in figure 5 were created with 

hatching patterns of parallel lines (images 5.a 

and 5.b), and hatching patterns of cross lines 

(image 5.c). The 3 x 3 filter was used for images 

5.a and 5.c, and the 5 x 5 filter was used for 

image 5.b. The original image is presented in 

figure 7.a, and was taken from [16]. 
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A more pleasant hatching effect can be 

obtained if the main black hatching lines are 

perpendicular to the white main hatching lines. 

This type of hatching pattern will be named 

Enhanced Hatching Pattern (EHP). For 

implementing this type of hatching, four separate 

image traversals are needed. At the first traversal 

the main black hatching lines will be drawn, 

following the line pattern shown in figure 3.b. 

Only areas whose average brightness exceeds the 

brightness of the gray background (MAX/2) will 

be processed. At the second crossing, the 

secondary black hatch lines will be drawn, 

following the line pattern shown in figure 3.c. At 

the next two traversals, the white hatching lines 

will be drawn. For the main and secondary ones, 

the trajectories shown in figures 3.c and 3.b will 

be followed. 

 The images shown in figure 6 were 

generated with EHP. 

 

CONCLUSIONS 

 

A few examples of illustrations based on 

the proposed algorithm have been presented in 

this paper. The more the filter size increases, the 

more hatching patterns are possible. But for a 

pleasant aspect of the generated illustration, the 

size of the filter must be correlated with the 

resolution of the original image. The original 

image, shown in figure 7.a is a relatively small 

image, having a resolution of 512 x 512 pixels. 

Because of this, the image shown in figure 5.b 

appears to be blurred in comparison with the one 

figure 5.a, although more hatching patterns were 

used. This effect occurs due to the fact that the 

filter retains only the averages of the blocks 

resulting in the loss of fine details. But for large 

images, large filters produce the best results. 

 The number of hatch patterns can also be 

increased by using crossed hatching lines. It can 

be noticed that the image in figure 5.c has a 

better look than the one in figure 5.a, because it 

uses this type of hatch patterns. 

 The best results were obtained by using 

EHP. The images in figure 6 were generated with 

this type of patterns. The images in figures 6.b 

and 6.c have a pleasant look, even if relatively 

large filters were used for the low resolution of 

the original image. 

 Usually In handmade illustrations, objects 

are outlined. The illustration shown in figure 7.b 

contains, in addition to the previous ones, the 

contours detected using a Laplacian of Gaussian 

(LoG) filter [14], [15]. The contours were added 

at the end of the hatching algorithm. 

  

 

 

 

 
EHP patterns 

 

 

 
Parralel lines patterns 
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Figure 4. Hatching patterns. a.) Original image. b,c,d.) 3x3, 5x5 and 7x7 EHP. e,f,g.) 3x3, 5x5 and 

7x7 parallel lines patterns. i,j,k.) 3x3, 5x5 and 7x7 cross lines patterns. 

   
a.) parallel lines patterns, 3 x 3 filter b.) parallel lines patterns, 5 x 5 filter c.) cross lines patterns, 3 x 3 filter 

   
d.) detail of a. e.) detail of b. f.) detail of c. 

Figure 5. Parallel and cross lines patterns illustrations 

 

   
a.) EHP illustration, 3x3 filter  b.) EHP illustration, 5x5 filter c.) EHP illustration, 7x7 filter 



 
 
24    UNIVERSITY OF PITESTI SCIENTIFIC BULLETIN: ELECTRONICS AND COMPUTERS SCIENCE, Vol.17, Issue 1, 2017 
 

pISSN: 2344-2158 

 

   
d.) Detail from a.) e.) Detail from b.) f.) Detail from c.) 

Figure 6. Illustrations generated with EHP. 

 

   
a.) b.) c.) 

Figure 7. a.) Original image. b.) EHP illustration, 5 x 5 hatching filter, LoG filter contours. c.) Details from b. 
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