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RASTERIZATION METHOD FOR VOXEL MODEL CUTTING 

Background. The analysis of voxel dataset cuts is a widespread task in computer graphics applications. A comprehen-
sive study of volume image cuts enables deeper learning of the structure of an object, which is visualized, as well as 
getting a clear view of the organization of its components. Very often, there is a need to investigate an internal struc-
ture of the object, and in this case, researchers can be more interested in certain parts of the model, in particular, in 
cuts of voxel data. 
Objective. The objective of the research is to develop a rasterization method which enables obtaining cuts of voxel 
datasets at arbitrary angles. The method should use only integer arithmetic and minimize the number of calculations. 
Methods. The essence of the method is to rasterize the cutting plane by parallel transferring of master-line fragments 
along the base-line, as it is proposed in the weaving algorithms of rasterization. To rasterize both types of lines, it is 
proposed to use the Bresenham's line algorithm. The developed method consists of two stages: the initialization stage, 
in which both the master-line is rasterized and boundaries of rasterization fragments are found, and the main stage, 
when rasterization of the master-line fragments is performed within the boundaries found on the initialization stage. 
Results. The developed method uses only integer arithmetic and minimizes the number of calculations in the rasteri-
zation cycles of master-line fragments which makes the use of the method sufficiently effective for rasterization of 
sections of voxel models. 
Conclusions. The developed method can be used in various applications where three-dimensional images are used, in-
cluding medical images, three-dimensional visualization in scientific applications, multimedia and mulsemedia sys-
tems. 
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Introduction 

The analysis of voxel dataset cuts is a wide-
spread task in computer graphics applications [1—

4]. A comprehensive study of volume image cuts 

enables deeper learning of the structure of an ob-

ject, which is visualized, as well as getting a clear 

view of the organization of its components. Very 

often, there is a need to investigate an internal 

structure of the object, and in this case, researchers 

can be more interested in certain parts of the 

model, in particular, in cuts of voxel data. A cut is 

a set of voxels which belong to a given plane of the 

cut or reproduce it as accurately as possible. Based 

on the features of the voxel data models, a method 

of cutting depends on an angle at which this cut is 

made. Since the voxel model is a three-dimensional 

array of data, the most trivial cases for rasterization 

of the cut correspond to angles multiple of 90. At 

the same time, special methods of rasterization are 

necessary for cutting at arbitrary angles. 

Such methods differ in approaches used to 

determine a corresponding set of voxels represent-

ing the cutting plane.  

Thus, in [5, 6], a scan-conversion algorithm 

to rasterize polygons is proposed. This algorithm is 

based on the principle of scanline-rasterization [7] 

in two-dimensional space and was extended for the 

usage in three-dimensional space. This algorithm 

can be used to construct cuts of the voxel model. 

The main idea of this approach is to rasterize a 

contour of the polygon (i.e. a contour of the cut) 

and then gradually fill it rasterizing the parallel 

lines connecting pairs of opposite points of the 

contour. 

Another approach which can be applied to 

rasterization of a voxel model cut is based on the 

usage of weaving techniques. The basic idea is that 

one rasterized line (master-line) is copied along the 

other rasterized line (base-line) with a certain shift. 

Thus, a rasterization of the plane which contains 

the master-line and the base-line will be obtained. 

One of the algorithms which use such technique is 

an exact weaving rasterization algorithm [8], the 

use of which allows obtaining a fairly accurate rep-

resentation of the voxel model cut. In this case, 

the number of computations is optimized by calcu-

lating special chains for the line segments that 

form the cutting plane [9]. It is proved that such 

chains have a certain periodicity, and therefore, for 

rasterization of the plane it is enough to compute 

such chains and then copy them to cover the sur-
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face of the plane. It allows to reduce the number 

of necessary calculations for rasterization of the 

entire plane. 

There are also methods which allow to make 

cuts where voxels completely cover the cutting 

plane [10]. Such cuts consist of all voxels which 

intersect the given plane (it is a requirement in 

some cases) but the thickness of such cut may be 

greater than one voxel. 

The analysis of these methods and algorithms 

allows us to consider the weaving algorithms as the 

most promising ones. 

Although these methods are intended to solve 

the same problem, results of the cuts rasterization 

may differ. Different requirements such as cut ac-

curacy, cut thickness, voxels connectivity, etc. may 

be set to a voxel model cutting. Accordingly, the 

choice of a rasterization method should be done 

depending on a particular case. 

Problem Statement 

The objective of the research is to develop a 

rasterization method which enables obtaining cuts 

of voxel datasets at arbitrary angles. The method 

should use only integer arithmetic and minimize 

the number of calculations. 

Basic Definitions 

A voxel is a part of a discrete space with a 

certain value. In the context of this paper, a voxel 

is considered as a unit cube with coordinates in a 

discrete space. 

It is assumed that a voxel model is a collection 

of voxels which mutually touch faces. Together 

they form a three-dimensional structure which is a 

parallelepiped. In this structure there are no cavi-

ties, that is, each facet of the internal voxel 

touches the faces of the neighbouring voxels. The 

model has an integer length, height, and width. 

Every voxel in the considered model has inte-

ger coordinates: 

0.. 1,x L   

0 .. 1,y H 
 

0.. 1z W 
 

where L  is a model length, H  is a model height, 

and W  is a model width, respectively. 

The origin of the rectangular coordinate sys-

tem, in which the model is considered, coincides 

with a position of the voxel having coordinates 

(0,0,0) . The edges of the model belong to the 

planes Oxy , Oxz , Oyz . 

A voxel dataset cut rasterization is a process of 

finding all voxels which form the desired cutting 

plane. 

Weaving Algorithms 

The weaving algorithms for voxel model 

rasterization are a family of algorithms which fol-

low the principle of weaving technology [11]. 

Let us assume that it is necessary to perform a 

rasterization of a certain area of the plane. Accord-

ing to this technology, in order to perform such 

rasterization, two non-parallel lines which lay on 

this plane must be selected. These lines are, so 

called, master-line and base-line. 

Rasterization of a given plane is achieved by 

copying of the rasterized master-line along the 

base-line. An example of such rasterization is 

shown in Figure 1. 

Let us consider that the master-line is given 

by the segment AB , and the base-line is given by 

the segment AC , and, thus, the point A  is a 

common point for both segments. Since the voxels 

must have integer coordinates, the lines are con-

sidered in the discrete space, and, accordingly, the 

coordinates of all points, obtained by rasterization, 

will be integer. At first, a set of points which be-

long to the segment AB  is obtained. Let it be a 

certain set M . Then, while moving along the 

points of the segment AC , the copying of the 

points from the set M  is performed on each step 

with a certain shift. Thus, the rasterization of the 

plane ABC  is obtained. 

Fig. 1. Rasterization with weaving algorithm 
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Different types of weaving algorithms differ in 

how the rasterization of the master-line and base-

line is performed. In general case, it is possible to 

use rasterization algorithms for arbitrary curves in-

stead of using rasterization algorithms for lines. In 

this case, the rasterization of a surface instead of a 

flat plane will be fulfilled as a result. Within the 

framework of this paper, a flat cut of the voxel 

model is necessary, and algorithms for curves 

rasterization are not considered. 

Method Description 

For the cutting plane, which is supposed to be 

obtained by the method proposed in this paper, the 

following requirements must be satisfied: 

— voxels of the cutting plane must satisfy the 

requirement of 26-connectivity, that is, they can 

touch each other by faces, edges or vertices [12]; 

— the plane should be solid, that is, it should 

not contain holes; 

— the rasterized plane should not be dis-

torted. 

This method should use only integer arithme-

tic in calculations to provide greater performance. 

In this case, the rasterization of the cutting plane 

cannot be considered as absolutely accurate but the 

result would provide a good approximation which 

may satisfy requirements of most cases. 

A. Rasterization Process 

The essence of the method is to rasterize the 

cutting plane by parallel transferring of master-line 

fragments along the base-line, as it is proposed in 

the weaving algorithms of rasterization. To raster-

ize both types of lines, it is proposed to use the 

Bresenham's line algorithm [13]. This algorithm is 

a fast rasterization algorithm and allows to use only 

integer arithmetic, which is one of the advantages 

of such approach. Also, the Bresenham’s line algo-

rithm for a two-dimensional case can be exten- 

ded for lines in three-dimensional space. However, 

if the rasterization of the lines will be made on 

planes, which are orthogonal to the coordinate 

axes, then the original version of Bresenham’s line 

algorithm can be used for a two-dimensional case. 

The process of rasterization of a plane is a 

process of finding coordinates of all voxels which 

belong to this plane or considered as such. To im-

prove performance and increase the speed of 

rasterization, it is necessary to minimize the num-

ber of computations. Usage of the Bresenham’s al- 

gorithm will allow to get the rasterization of the 

cut, using only integer operations. In addition, 

such rasterization would be sufficiently accurate. 

On every iteration of the Bresenham’s algorithm 

for the master-line two coordinates for a single 

voxel are found. The third coordinate is found on 

the current iteration of the Bresenham’s algorithm 

for the base-line, and this coordinate will be the 

same for all of other voxels of the master-line. 

In general case, the cut of the voxel model 

may be represented by one of four shapes (a trian-

gle, a quad, a pentagon, or a hexagon) or by         

one single point. All possible cases are shown in      

Figure 2. The cutting plane, the rasterization of 

which must be obtained, can be represented by the 

general equation of the plane: 

0ax by cz d     

where a , b , c , and d  are provided coefficients. 

Fig. 2. Possible shapes of a cut 

To simplify explanations and avoid the gener-

ality loss, it is assumed that the cutting plane is 

given by three points, which lie on the axes Ox , 

Oy , Oz  and have integer coordinates. Also, for 

simplicity, we assume that the coordinates of these 

points cannot be negative. These points are marked 

as 1P , 2P , 3P . At first, let us consider the ap-

proach where the rasterization of the cut is made 

by the Bresenham’s line algorithm without copying 

of the master-line. Figure 3 shows an example of 

such rasterization. 

Let us consider that 1 3P P  is selected as a 

master-line, and 1 2P P  is selected as a base-line. At 

each rasterization step of the segment 1 2P P  shifts 

y  and z  of coordinates y  and z  are accumu-

lated. At the same time, the current segment paral-

lel to 1 3P P  is rasterized with the obtained values of 

shifts. 
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Fig. 3. The weaving rasterization based on Bresenham’s line al-
gorithm 

Thus, when passing along 1 2P P , one rasteri-

zation of the line is performed on each step from 

point 1P   to point 3P  , where 

1 1 (0, , )P P y z     , 

3 3 (0, , )P P y z     . 

It should be noted that with this approach it 

is necessary to check the boundaries of the voxel 

model on every iteration in order not to exceed its 

borders. As a result, a plane generated by sequen-

tial rasterization of parallel lines is obtained. This 

plane rasterization satisfies the initial requirements. 

However, it is obvious that this approach may be 

greatly optimized. The master-line and the base-

line should be correctly selected, the master-line 

should be rasterized only at once and checking of 

the boundaries is unnecessary in case of using the 

certain techniques. It is proposed that during one-

time rasterization of the master-line, left and right 

boundaries are found and preserved for the further 

rasterization of the necessary fragments of the mas-

ter-line. As it will be shown below, rasterization of 

such fragments can be programmed in a simple 

loop with a counter, where a single addition opera-

tion will be applied in the loop body. Thus, the 

rasterization method described above will consist of 

two stages: the initialization stage, in which both 

the master-line is rasterized and boundaries of ras-

terization fragments are found, and the main stage, 

when rasterization of the master-line fragments de-

termined by the found limits will be performed. 

B. Initialization Stage 

Let us assume that it is necessary to rasterize 

the cut of the voxel model shown in Figure 4, 

where the cut is presented in the form of a hexa-

gon, the voxel model is represented by a parallele-

piped, and the cutting plane is given by the points 

1P , 2P , 3P . 

Before starting the cutting plane rasterization, 

it is necessary to make an initialization step. At the 

initialization stage, master-line and base-line are 

selected, rasterization of the master-line is per-

formed, and boundaries for fragments of the mas-

ter-line are found. Master-line and base-line are 

selected in the following way. 

Fig. 4. A hexagonal cut 

To choose a master-line, one of the segments 

starting with 1P , 2P  or 3P , must be taken. The 

end point of the considered segment must be one 

of the vertices of the cut. Both ends of the segment 

must belong to one of the planes Oxy , Oxz  or 

Oyz . Since points 1P , 2P , 3P  lay on the corre-

sponding coordinate axis, the angle between the 

selected segment and the axis must be greater than 

or equal to 45. If selected angle is less than 45, it 
is possible that the rasterized fragments of the mas-

ter-line will overlap each other. 

The selected segment cannot be shorter than 

the smallest of the dimensions in the model, since 

the parallel transfer of the rasterized fragment of 

the master-line must cover the entire cutting plane. 

Among the segments which satisfy the criteria de-

scribed above, it is necessary to select the shortest, 

which will be accepted as a master-line. 

The master-line should be selected as short as 

possible, since it reduces the amount of computing 

operations, as it will be shown below. Thus, let the 

corresponding segment for the master-line be 

1 3P P  . 

The segment of the base-line will be in the 

coordinate plane orthogonal to the plane of the 
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master-line and its beginning will coincide with the 

beginning of the segment of the master-line. 

The base line must satisfy such conditions, 

because otherwise the fragments of the master-line 

will overlap when copied, as noted above. Thus, 

the segment corresponding to the base line will be 

1 2P P . After choosing the master-line and the base-

line, we will rasterize the master-line using the 

Brezhenham’s line algorithm. During the rasteriza-

tion of the master-line, boundaries LA  and RA  of 

the fragments, which will be copied when rasteriz-

ing the plane, are determined. LA  and RA  are left 

and right boundaries, respectively. Also, a chain of 

coordinate shifts C  is found. 

The result of such rasterization of the mas-

ter-line defined from point 1(0,0,8)P  to point 

3 (9,0,2)P   is presented in Figure 5. The figure 

shows the master-line rasterized along the Ox  axis 

and filled arrays LA , RA , and C  with correspon-

ding values. C  is an array of shifts, each element 

of which is either 0 or 1, according to whether 

there is a shift in the current iteration, or no. 

The array LA , in this example, contains those 

x  coordinates which correspond to the shifts in 

the chain C , and the RA  array contains coordina-

tes x  which correspond to the shifts which would 

be obtained by rasterizing the master-line in the 

opposite direction. 

Fig. 5. Rasterization of the master-line 

Also, at the initialization stage, values of L  

and R  variables are set. These variables define the 

initial limits within which the first fragment of the 

master line will be rasterized. The variable L corre-

sponds to the element LA , which first falls within 

the boundary of the model, and the variable R  is 

the last element of RA . 

C. Main Stage 

After the initialization stage it is necessary to 

perform the main stage, which is sequential rasteri-

zation of the fragments of the resulting master-line 

along the base line. Base-line is also rasterized by 

the Bresenham’s line algorithm. 

The following formulas are used during the 

fragment rasterization: 

, ..rx i i L R  , 

r by y , 

1r r iz z C  , 

0

, ,

,

b

b b

W if z W
z

z if z W


  

 

where bz  and by  are coordinates of the current 

voxel when base-line is rasterized and rx , ry , rz  

are coordinates of the voxel from the fragment of 

master-line. 

The L  and R  variables determine the limits 

in which the master-line fragment will be raster-

ized, and they are indices of the array C . Their 

values are changing during the base-line rasteriza-
tion when z  coordinate is changed. The variable 

L  will change its value to the previous one in the 

array LA  until it reaches the first element (zero-

element). The variable R  will remain constant un-

til the following condition returns true: 

bz S  

where S  is a number of shifts in the chain C . 

Otherwise, its value will be changed in the same 

way as variable L . 

The process of the cutting plane rasterization 

is shown in Figure 6. 

Average time characteristics for both the exact 

weaving algorithm and the developed algorithm are 
given in the Table. 

Table. Performance testing results 

Algorithm 

stages 

Exact weaving 

algorithm 

Developed 

algorithm 

Initialization 0.004 ms 0.091 ms 

Base stage 3.852 ms 3.426 ms 

Total time: 3.856 ms 3.517 ms 

It is obvious that the exact rasterization algo-

rithm has a significant advantage at the initializa-

tion stage, since the specificity of the method en-
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ables the use of low-level functions for fast mem-

ory copying. Instead, the algorithm proposed in 

this paper can be more efficient during its main 

stage execution of the rasterization by optimizing 

the number of computations. 

The exact rasterization algorithm usually re-

quires less memory than the algorithm proposed in 

the paper, since in addition to maintaining the 

chain of shifts, the boundaries of the master-line 

fragments must be stored too. 
The proposed rasterization method enables 

obtaining cuts of voxel datasets at arbitrary angles. 
The resulting slices have a unit thickness, and they 
accurately reproduce the cutting plane. 

The developed rasterization method uses only 

integer arithmetic and minimizes the number of 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig. 6. Stapes of the cut rasterization 
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calculations in the rasterization cycles of master-

line fragments, what makes the use of the method 

sufficiently effective for rasterization of sections of 

voxel models. 

Conclusions 

Within the framework of this research, me-

thods and algorithms for rasterization of planes and 

polygons in three-dimensional space were conside-

red and analysed. As a result, a method based on 

weaving algorithms is proposed in this paper. This 

method allows to obtain voxel model cuts with a 

required thickness and at an arbitrary angle. The 

resulting slices have a unit thickness and they ac-

curately reproduce the cutting plane. The deve-

loped method uses only integer arithmetic and 

minimizes the number of calculations in the 

rasterization cycles of master-line fragments, what 

makes the use of the method sufficiently effective 

for rasterization of sections of voxel models. 

The developed method can be used in various 

applications where three-dimensional images are 

used, including medical images, three-dimensional 

visualization in scientific applications, multimedia 

and mulsemedia systems. The further work should 

be focused on parallel realization of the main stage 

algorithm of the developed method. 
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І.А. Дичка, Є.С. Сулема, Д.А. Черних 

МЕТОД РАСТЕРИЗАЦІЇ ЗРІЗІВ ВОКСЕЛЬНИХ МОДЕЛЕЙ 

Проблематика. Аналіз воксельних наборів даних є поширеною задачею в застосунках комп’ютерної графіки. Докладне 
дослідження зрізів об’ємних зображень дає змогу глибше вивчити структуру об’єкта, що візуалізується, а також отримати чітке 
уявлення про будову його компонентів. Часто існує потреба в дослідженні внутрішньої будови об’єкта, в цьому випадку дослід-
ники можуть бути зацікавлені у вивченні певних зрізів воксельної моделі, зроблених під довільним кутом. 

Мета дослідження. Розробити метод растеризації, який дає змогу отримувати зрізи воксельних наборів даних під довіль-
ними кутами. Метод має використовувати лише цілочислову арифметику та забезпечувати мінімальну кількість обчислень. 

Методика реалізації. В основі методу лежить растеризація січної площини через паралельний перенос майстер-лінії уз-
довж базової лінії, як це виконується у ткацьких алгоритмах растеризації. Для растеризації обох ліній пропонується використо-
вувати алгоритм Брезенхема для ліній. Розроблений метод включає два етапи: етап ініціалізації, на якому растеризується май-
стер-лінія та знаходяться границі растеризації фрагментів, та основний етап, на якому виконується растеризація фрагментів 
майстер-лінії, визначених на етапі ініціалізації. 



32 KPI Science News 2018 / 2 

 

Результати дослідження. Запропонований метод використовує лише цілочислову арифметику з мінімальною кількістю 
обчислень у циклах растеризації фрагментів майстер-лінії, що робить його використання ефективним для растеризації секцій 
воксельних моделей. 

Висновки. Розроблений метод може бути використаний у різноманітних застосунках, де використовуються тривимірні зо-
браження, зокрема медичні, у системах тривимірної візуалізації в наукових застосунках, мультимедійних і мульсемедійних сис-
темах. 
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МЕТОД РАСТЕРИЗАЦИИ СРЕЗОВ ВОКСЕЛЬНЫХ МОДЕЛЕЙ 

Проблематика. Анализ воксельных наборов данных является распространенной задачей в приложениях компьютерной 
графики. Всестороннее исследование срезов объемных изображений позволяет глубже изучить структуру объекта, который ви-
зуализируется, а также получить четкое представление о строении его компонентов. Часто существует необходимость в ис-
следовании внутреннего строения объекта, в этом случае исследователи могут быть заинтересованы в изучении определен-
ных срезов воксельной модели, сделанных под произвольным углом.  

Цель исследования. Разработать метод растеризации, который позволяет получать срезы воксельных наборов данных 
под произвольными углами. Метод должен использовать только целочисленную арифметику и обеспечивать минимальное ко-
личество вычислений. 

Методика реализации. В основе метода лежит растеризация секущей плоскости путем параллельного переноса мастер-
линии вдоль базовой линии, как это делается в ткацких алгоритмах растеризации. Для растеризации обеих линий предлагается 
использовать алгоритм Брезенхема для линий. Разработанный метод включает два этапа: этап инициализации, на котором 
растеризуется мастер-линия и находятся границы растеризации фрагментов, и основной этап, на котором выполняется расте-
ризация фрагментов мастер-линии, определенных на этапе инициализации. 

Результаты исследования. Предложенный метод использует только целочисленную арифметику с минимальным коли-
чеством вычислений в циклах растеризации фрагментов мастер-линии, что делает его использование эффективным для рас-
теризации секций воксельных моделей. 

Выводы. Предложенный метод может быть использован в разнообразных приложениях, где используются трехмерные 
изображения, в частности медицинские, в системах трехмерной визуализации в научных приложениях, мультимедийных и 
мульсемедийных системах. 

Ключевые слова: воксельная модель; растеризация; компьютерная графика. 
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