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a b s t r a c t 

In this paper, we propose a novel interpolation scheme for surface extraction from volume fraction data 

stored on an octree. Here the volume fraction data is a set of octants each of which stores the volume 

ratio of the object included in the octant. Based on marching cubes on the dual grid of an octree, we 

modified the computation of the mesh vertex positions to be more appropriate for volume fraction data. 

The key point of the proposed interpolation is that we approximate the shapes of the octants as spheres 

rather than as cubes. This approximation has a very simple computation and can improve the accuracy 

of the vertex positions. We demonstrate the effectiveness of the algorithm using octree-compressed CT 

volumes that can be treated as volume fraction data. 

© 2017 Published by Elsevier Ltd. 

1. Introduction 

Q3 
1 

Volume fraction data is grid structure data where each cell is 2 

assigned a value called the volume fraction, which is the ratio of 3 

the volume of the object included in the cell to the volume of the 4 

entire cell. The images at the top of Fig. 1 show an example of 5 

the volume fraction data. The volume fraction is 0 when the cell 6 

does not include the object, and is 1 when the entire cell is in- 7 

cluded inside the object. For example, X-ray CT volumes [1] can be 8 

regarded as volume fraction data. The voxel value is the average of 9 

X-ray linear attenuation coefficients of the materials in the voxel 10 

that are proportional to the density of the materials. In computa- 11 

tional fluid dynamics, volume fraction data correspond to volume 12 

of fluid [2] . 13 

To accurately represent the shape of an object, the grid resolu- 14 

tion of the volume fraction data should be sufficiently high. How- 15 

ever, because high-resolution volume fraction data require huge 16 

amounts of memory, data compression is necessary to make the 17 

data size smaller. Octree [3] has generally been used to solve this 18 

problem in geometric modeling [4,5] . Fig. 2 shows an example of 19 

volume compression using an octree. Octrees can efficiently pre- 20 

serve the accuracy of the shape of an object by placing small oc- 21 

tants (cells) around the boundaries of the object and large octants 22 

in the interior or the exterior of the object. This method is promis- 23 

ing to compress X-ray CT volumes which are our main target vol- 24 
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ume fraction data; therefore we assume that our input is volume 25 

fraction data on an octree. 26 

Because the input is a type of scalar field on a grid, it should 27 

be possible to obtain the shape of the object as an isosurface us- 28 

ing a grid-based surface extraction algorithm. There have been a 29 

large number of studies concerning isosurfacing for grid-sampled 30 

scalar fields. Some surface extraction algorithms such as [6,7] , are 31 

well known and have been widely used for this purpose; however, 32 

these conventional algorithms do not work well for volume frac- 33 

tion data on octrees for two reasons: the non-uniformness of the 34 

cell size and the non-smoothness of the values around the bound- 35 

ary of the object. An example of a surface extracted from volume 36 

fraction data on an octree with conventional linear interpolation is 37 

shown in the bottom left of Fig. 1 . Severe artifacts can be observed, 38 

for example, at the poles. 39 

As a remedy to the non-uniformness of the cell size, Shu et al. 40 

[8] developed a surface extraction algorithm that can work on an 41 

octree as long as the difference in the subdivision levels of the 42 

neighboring two cells is at most one. Subsequently, Kazhdan et al. 43 

[5] and Schaefer and Warren [9] succeeded in extracting high qual- 44 

ity surfaces from an arbitrarily divided space. 45 

In volume fraction data, the value varies steeply on the bound- 46 

ary of the object while in the “general” scalar field data the value 47 

varies smoothly. When it comes to volume fraction data on an oc- 48 

tree, even the above-mentioned algorithms [5,9] may generate rip- 49 

ples on the extracted surface because they use linear interpolations 50 

to compute the coordinates of the surface vertices. Poisson surface 51 

reconstruction [10] extracts smooth isosurfaces from volume frac- 52 

tion data on octrees, not using linear interpolations but with the 53 
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Fig. 1. Examples of surface meshes extracted from the volume fraction of a sphere 

on an octree. Top: cross-section of the octree. The yellow curve in the right image 

is the boundary of the sphere. Bottom: the resulting surfaces obtained by applying 

marching cubes to the dual grid of the octree. The left surface is obtained via linear 

interpolation, and the right surface is obtained via the proposed interpolation. (For Q4 

interpretation of the references to color in this figure legend, the reader is referred 

to the web version of this article.) 

help of Hermite data which are unfortunately not always available 54 

for some volume fraction data such as X-ray CT volumes. Another 55 

example is shown in Fig. 2 . Marching cubes with linear interpola- 56 

tion (the core of [9] , expressed as “conventional interpolation” in 57 

the figure), which works pretty well for volume fraction data on a 58 

uniform grid, generates some undesired deformations. The causes 59 

of these deformations will be discussed in Section 2 . 60 

In geometric modeling, to accurately contour non-linear func- 61 

tion on a uniform grid, a few algorithms have been proposed. Man- 62 

son et al. [11] proposed to simply change the vertex computation 63 

of the conventional marching cubes to obtain a more accurate sur- 64 

face. Fuhrmann et al. [12] considered using higher order functions 65 

to extract smoother surfaces. 66 

In fluid dynamics, where volume fraction data are commonly 67 

used to represent fluids, this problem has been well solved by 68 

multiple researchers using the concept of volume of fluid (VoF). 69 

Piecewise-linear interface calculation (PLIC) [13] provides a valu- 70 

able scheme to reconstruct the surface of a fluid in which the 71 

surface is locally approximated with a non-axis-aligned plane de- 72 

fined in each cell, PLIC has become a good foundation for other 73 

subsequent methods due to its ability to generate highly accurate 74 

surfaces. A PLIC-based algorithm requires the normals on the sur- 75 

face, while the least square VoF interface reconstruction algorithm 76 

(LVIRA) [14] obtains the normals with second-order accuracy for a 77 

smooth surface. Handling large datasets is another problem when 78 

handling large scenes, and there are many methods to address this 79 

for example, using hierarchical structures and fast accessible data 80 

structures. Some of these methods are widely used and distributed 81 

online, such as OpenVDB [15] , and facilitate making more attrac- 82 

tive and beautiful scenes. 83 

In this paper, we concentrate on the case where the input is 84 

just volume fraction data and no other information, such as phys- 85 

ical properties, which are necessary in fluid dynamics, is given. 86 

Such a case can be found, for example, in surface extractions from 87 

X-ray CT scanned data. 88 

To the best of the authors’ knowledge, there is no effective so- 89 

lution for surface extraction from volume fraction data on an oc- 90 

tree with no other information attached. Therefore in this paper, 91 

we propose an algorithm for accurate surface extraction from vol- 92 

ume fraction data on an octree. An example of the improvement 93 

achieved by our solution can be seen in Fig. 1 . 94 

In this section, we described the necessity of volume fraction 95 

data on an octree and the lack of a appropriate surface extraction 96 

algorithm. The next section will be devoted to previous studies re- 97 

lated to the proposed interpolation. In Section 3 , we will introduce 98 

our algorithm in detail. In Section 4 , we will present several exper- 99 

imental results. Finally, we will conclude our study in Section 5 . 100 

2. Related work 101 

2.1. Isosurfacing of octree grid 102 

2.1.1. Dual contouring 103 

Ju et al. proposed an isosurfacing algorithm, called dual con- 104 

touring [7] , that can reconstruct even sharp features of an object 105 

with the help of the gradient of the scalar field. Dual contouring 106 

requires that a scalar value and a gradient vector be assigned to 107 

each vertex of the octants. For this reason, this algorithm cannot 108 

be used for volume fraction data where only a scalar value is as- 109 

signed to each octant. 110 

Fig. 2. Volume fraction on an octree obtained by X-ray CT scanning a real object and extracted surfaces with marching cubes using the linear interpolation (the conventional 

interpolation) and the proposed interpolation. 
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