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METHOD FOR GENERATING A SURFACE OFFSET OF A VOXEL-BASED 

3D MODEL OF A PHYSICAL OBJECT 

 

Field of the invention 

 5 

[0001] The invention relates to a method for processing a voxel-based 3D 

model of a physical object for generating a surface offset of the voxel-based 

3D model. 

 

Background of the invention 10 

 

[0002] In the field of 3D printing, it is known to represent physical objects by 

3D models, wherein the shape of an object can be represented by means of a 

voxel model or a voxel field. 

 15 

[0003] A voxel model comprises a plurality of voxels, i.e., three-dimensional 

spatial units. In order to image the shape of an object by means of a voxel 

model, the distance of individual voxels of the voxel model to the surface of 

the object is determined. It is expedient in this case to store only the distance 

values of those voxels which are located in the immediate vicinity of the surface 20 

of the object. The compression rate and the speed of some algorithms can 

thereby be improved, since considerable spatial sections can be skipped at a 

sufficient distance to the surface of the object. 

 

[0004] However, sparsely populated voxel models are disadvantageous for 25 

certain types of 3D model processing, in particular offsetting (=creating a 

surface offset of the voxel-based 3D model). For example, during offsetting, 

distance values of voxels are also to be processed which are located 

somewhat further away from the surface of the object. However, the distance 

values are absent in a memory-optimized, sparsely populated voxel model for 30 

the voxels affected by the offset. 
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Object of the invention 

 

[0005] The object of the present invention is therefore to provide a method for 

efficient reconstruction of missing information in a storage-optimized voxel 

model, wherein the voxel model represents a 3D model of a physical object for 5 

controlling a 3D printer. 

 

Solution according to the invention 

 

[0006] The object is achieved by a method having the features according to 10 

independent claim 1. Advantageous developments of the invention are defined 

in the dependent claims. 

 

[0007] According to the invention, a computer-implemented method for 

creating a second voxel model from a first voxel model is provided. The first 15 

voxel model which has first voxels represents a 3D model of a physical object. 

A distance attribute is assigned to each first voxel, whereby the distance of the 

respective first voxel to the surface of the object can be stored in the distance 

attribute. For each first voxel whose minimum distance in terms of magnitude 

is below a first predetermined threshold value, the minimum distance in terms 20 

of magnitude is stored in the distance attribute. A predetermined distance is 

stored in the distance attribute for each first voxel whose minimum distance in 

terms of magnitude is above the first predetermined threshold value. 

 

[0008] The first voxel model therefore has a sparsely populated data structure. 25 

 

[0009] In a first step, the second voxel model is generated. The second voxel 

model has second voxels and a dimension identical to the first voxel model. 

Each first voxel corresponds to a second voxel. A distance attribute is assigned 

to each second voxel, wherein the distance of the respective second voxel to 30 

the surface of the object can be stored in the distance attribute. 
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[0010] In a second step, the first voxel model iterates in a first direction. For 

each first voxel with a stored predetermined distance, a first approximated 

distance is determined for the corresponding second voxel and stored in the 

distance attribute of the corresponding second voxel. 

 5 

[0011] In a third step, the first voxel model iterates in a second direction. For 

each first voxel with a stored predetermined distance, a second approximated 

distance is determined for the corresponding second voxel with inclusion of 

the first approximated distance. The second approximated distance is stored 

in the distance attribute of the corresponding second voxel. 10 

 

[0012] The second voxel model represents a 3D model of the physical object 

for controlling a 3D printer. Control instructions for controlling the 3D printer 

are derived from the second voxels. The control instructions are provided for 

transmission to the 3D printer. 15 

 

[0013] By means of the method according to the invention, an approximated 

distance to the surface of the physical object can therefore be calculated for 

each voxel in which the distance information is absent. 

 20 

[0014] The second voxel model is retained in the memory independently of the 

first voxel model, i.e., in any case, two voxel models exist in the memory during 

the execution of the method. This also has the advantage that the original voxel 

model (= the first voxel model) remains unchanged. 

 25 

[0015] The method according to the invention has the advantage that the 

speed for calculating the approximated distances scales linearly with the size 

of the voxel model. This means that the method according to the invention has 

a runtime complexity of O(n) which is advantageous in particular with voxels 

models having a very large number of voxels. The method according to the 30 

invention can therefore also be used in voxels models representing large 

physical objects. By calculating the approximated distances, an offsetting of 
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the shape of the physical object which is represented by a voxel model is 

enabled. The approximated distances generated using the method according 

to the invention have sufficiently good accuracy. 

 

[0016] In the second step, the stored distance is advantageously additionally 5 

copied into the respective distance attribute of the second voxel for each first 

voxel with a stored distance in the distance attribute. 

 

[0017] According to the invention, it is therefore provided that the exact 

distances of the sparsely populated first voxel model are transferred to the 10 

second voxel model. This ensures that the distances of the voxels near the 

surface of the object are as precise as possible. 

 

[0018] Alternatively in the first step, the second voxel model can be initialized 

as a copy of the first voxel model. 15 

 

[0019] Preferably, in the third step, first voxels which have a stored distance in 

the distance attribute are skipped. 

 

[0020] In an advantageous embodiment, in the second step and/or in the third 20 

step, the first approximated distance and/or the second approximated distance 

for the respective second voxels is determined from the stored distances of 

those second voxels which are adjacent to the respective second voxel up to 

a predetermined number of voxels, preferably in each direction. 

 25 

[0021] This embodiment has the technical advantage that the accuracy is 

adjustable in the determination of the approximated distances. The more 

neighboring second voxels are included in the calculation of the approximated 

distance of a voxel, the more accurately the distance of the voxel to the surface 

of the object can be approximated. However, the number of adjacent second 30 

voxels also increases the execution time of the method. Depending on the 

offset depth to be achieved, a compromise can therefore be found between 
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the execution time and the accuracy of the offsetting using the advantageous 

embodiment of the method according to the invention. However, the method 

according to the invention has a runtime complexity of O(n) regardless of the 

number of included neighboring voxels. 

 5 

[0022] The predetermined number of voxels is preferably 2. This means that 

two adjacent voxels are included in the calculation of the approximated 

distance in each direction. 

 

[0023] According to the inventor's findings, limiting the search for approximated 10 

distances of a voxel to the second voxel neighboring the voxel within a radius 

of two voxels provides sufficient accuracy of the approximated distances for 

practice. 

 

[0024] Also preferably, the predetermined distance in the distance attribute of 15 

a first voxel comprises a first predetermined distance and a second 

predetermined distance. For a first voxel with a first predetermined distance, 

the first approximated distance is determined from the maximum of the 

distances determined from the adjacent second voxels. For a first voxel with a 

second predetermined distance, the second approximated distance is 20 

determined from the minimum of the distances determined from the adjacent 

second voxels. 

 

[0025] A first predetermined distance and a second predetermined distance 

can be used to differentiate between areas that are enclosed by the surface of 25 

the physical object and areas outside the physical object. This distinction has 

the advantage that the approximated distances can be determined not only in 

terms of amount, but also in terms of the sign. 

 

[0026] Advantageously, the first and/or second approximated distance is only 30 

determined from those neighboring second voxels via which iteration already 

occurred in the respective direction. 
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[0027] In an advantageous embodiment, the first voxel model and the second 

voxel model are each three-dimensional. In the first direction, starting from an 

origin, iteration first occurs in a first dimension, then in a second dimension 

and last in a third dimension. 5 

 

[0028] This method of iterating over a three-dimensional voxel model has the 

advantage that each voxel of the voxel model is only visited once. 

Nevertheless, it remains guaranteed that a considerable proportion of the 

neighboring voxels have already been visited beforehand to determine the 10 

approximated distance of a voxel. Thus, for each voxel, apart from the voxels 

at the edge of the voxel model, a similar number of adjacent voxels contribute 

to the determination of the approximated distance to the surface of the object. 

In this way, systematic deviations in the calculation of approximated distances 

of voxels to the surface of the object can be reduced. 15 

 

[0029] It is also advantageous if, in the second direction, starting from the first 

voxel furthest away from the origin, iteration first occurs over the first 

dimension, then over the second dimension and finally over the third 

dimension in descending order. 20 

 

[0030] In an advantageous embodiment, the distance and/or the second 

approximated distance are stored for each second voxel only when it 

additionally meets a predetermined storage criterion. 

 25 

[0031] Thus, the second voxel model can finally be limited to the distance 

values relevant to the control of the 3D printer in the vicinity of the surface of 

the object after processing. 

 

[0032] In the generated second voxel model, any voxels can therefore be 30 

added to or removed from the surface of the physical object using the 

approximated distances. An offset of the object represented by the second 
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voxel model can therefore be generated, which is why this form of processing 

a 3D model is also referred to as “offsetting.” 

 

[0033] In particular in 3D printing, offsetting is used to print a physical object 

with an additional envelope, wherein the envelope is eliminated or removed in 5 

a post-processing step, i.e., after the 3D printing. This has the advantage that, 

for example, the resolution limits of the 3D printer can be overridden, and a 

precise realization of the shape of the printed physical object can be 

guaranteed. Finally, the subsequent removal of print material is advantageous 

in terms of processing compared to the subsequent addition of print material. 10 

 

[0034] Preferably, the first voxels and/or the second voxels are each stored in 

a tree structure. The tree structure comprises a root node and a predetermined 

maximum first number of hierarchy levels. A predetermined second number of 

sub-nodes can be assigned to each node of a hierarchy level. 15 

 

[0035] It is particularly advantageous if the predetermined maximum number 

of hierarchy levels is 3, and the predetermined second number of sub-nodes 

4096 is such that each node of a hierarchy level, with the exception of the 

lowest hierarchy level, can be assigned 4096 sub-nodes. 20 

 

[0036] Preferably, the second voxel model generated in the first step has the 

same number of second voxels as the first voxel model has first voxels. 

 

[0037] In an advantageous embodiment, the offsetting from the generated 25 

second voxel model can be implemented by adjusting a distance value, which 

is stored in the distance attribute of the respective second voxel, by a 

predetermined offset distance and storing it in the distance attribute. For each 

second voxel whose adjusted distance value is above the first predetermined 

threshold value, the adjusted distance value is replaced by the predetermined 30 

distance. 

 



 8

[0038] The distance value that is stored in the distance attribute of the 

respective second voxel can be the minimum distance in terms of magnitude, 

or the second approximated distance. 

 

[0039] The predetermined offset distance can be both positive and negative. A 5 

positive offset distance adds voxels to the surface of the physical object, which 

usually also increases the volume of the physical object. A negative offset 

distance removes voxels from the surface of the physical object. 

 

[0040] In a further advantageous embodiment, the offsetting can be generated 10 

from the generated second voxel model in that a distance value, which is 

stored in the distance attribute of the respective second voxel and is not a 

predetermined distance, is adjusted by the predetermined offset distance and 

is stored in the distance attribute. For each second voxel whose adjusted 

distance value is above the first predetermined threshold value, the adjusted 15 

distance value is replaced by the predetermined distance. 

 

[0041] This embodiment has the advantage that the adjustment of the distance 

values by the offset distance only has to be carried out for those second voxels 

whose minimum distance in terms of magnitude is below the second 20 

predetermined threshold value. This considerably reduces the number of 

voxels for which the adjustment has to be made. 

 

[0042] By offsetting, the surface implicitly defined in the first voxel model can 

be transformed into a second implicitly defined surface, which is then stored in 25 

the second voxel model. Due to the distance values in the individual voxels, 

the surface in the first voxel model and the surface in the second voxel model 

are implicitly defined. 

 

Brief description of the figures 30 
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[0043] Further details and features of the method according to the invention as 

well as specific, in particular advantageous embodiments of the method 

according to the invention are evident from the following description in 

conjunction with the drawing. In the figures: 

Fig. 1 shows a plane of a first voxel model according to one embodiment of 5 

the method according to the invention; 

Fig. 2 shows a plane of a second voxel model corresponding to the plane of 

the first voxel model of Fig. 1 after the second step of an embodiment of the 

method according to the invention; 

Fig. 3 shows the second plane from Fig. 2 after the third step of an embodiment 10 

of the method according to the invention; 

Fig. 4a shows a determination of the first approximated distance for a second 

voxel according to one aspect of the invention; 

Fig. 4b shows a determination of the second approximated distance for the 

second voxel of Fig. 4a according to one aspect of the invention; 15 

Fig. 5 shows a plane of the second voxel model corresponding to the plane of 

the first voxel model of Fig. 1 after offsetting according to one aspect of the 

invention; 

Fig. 6a shows an exemplary embodiment of the plane from Fig. 3 with specific 

distance values; and 20 

Fig. 6b shows the plane of Fig. 6a after adjusting the distance values by an 

offset distance. 

 

Detailed description of the invention 

 25 

[0044] In the present invention, the term “offsetting” in the context of 

processing 3D models describes any processing of a 3D model according to 

which the shape of the object to be printed is changed to the outside and/or to 

the inside at least sectionally. 

 30 

[0045] Fig. 1 shows a plane of a first voxel model according to one 

embodiment of the method according to the invention. 
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[0046] The plane shown in Fig. 1 is taken from a three-dimensional first voxel 

model VM (not shown) and serves in the following as an example for explaining 

the method according to the invention. 

 5 

[0047] The typically three-dimensional first voxel model VM has a first 

dimension X, a second dimension Y, and a third dimension Z (not shown). For 

the sake of clarity, the plane of the first voxel model VM shown in Fig. 1 has 

eight voxels in the first dimension X and in the second dimension Y in each 

case. In a real voxel model, a considerably higher voxel density usually exists, 10 

for example in order to achieve as high a resolution as possible when realizing 

the richness of detail of a physical object. In the following example, specific 

first voxels VX1 of the first voxel model VM are referenced by means of 

coordinate pairs X, Y. 

 15 

[0048] In the plane of the first voxel model VM shown in Fig. 1, the physical 

object represents an “H.” The surface of the physical object is formed by those 

first voxels VX1 which are shown as obliquely hatched. 

 

[0049] A distance attribute d or d±∞ is assigned to each first voxel VX1, whereby 20 

the distance of the respective first voxel VX1 to the surface of the object can 

be stored in the distance attribute. 

 

[0050] For each first voxel VX1 whose minimum distance d in terms of amount 

is below a first predetermined threshold value dMAX, the minimum distance in 25 

terms of magnitude is stored in the distance attribute. In the example of Fig. 1, 

dMAX is equal to the size of a first voxel VX1. The predetermined threshold 

values dMAX can however also be selected to be greater. The minimum 

distance d in terms of magnitude of those first voxels VX1 that form the surface 

of the object is zero, for example, and is therefore stored in the distance 30 

attribute of these first voxels VX1. Similarly, the minimum distance d in terms 
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of magnitude of those first voxels VX1 is stored in the distance attribute whose 

distance to the surface of the object is at most one first voxel VX1. 

 

[0051] A predetermined distance d±∞ is stored in the distance attribute for each 

first voxel VX1 whose minimum distance in terms of magnitude is above the 5 

first predetermined threshold value dMAX. The predetermined distance d±∞ 

therefore marks spatial areas that are not occupied by the physical object and 

can therefore be skipped when processing the 3D model. However, when 

offsetting the surface of the physical object, more than just the nearest voxels 

to the surface of the physical object are affected. 10 

 

[0052] According to the invention, a second voxel model VM2, which has 

second voxels VX2, is therefore generated in a first step S1 with a dimension 

identical to the first voxel model VM. A first voxel VX1 corresponds to a second 

voxel VX2. A distance attribute is also assigned to each second voxel VX2, 15 

wherein the distance d of the corresponding second voxel VX2 to the surface 

of the object can be stored in the distance attribute. 

 

[0053] Fig. 2 shows a plane of a second voxel model corresponding to the 

plane of the first voxel model of Fig. 1 after execution of the second step of an 20 

embodiment of the method according to the invention. 

 

[0054] In a second step S2, the first voxel model VM iterates in a first direction. 

The reconstruction of the second voxel model VM2 in the second step S2 (and 

later also in the third step S3) takes place synchronously with the iteration via 25 

the first voxel model VM. In the first direction, starting from an origin, iteration 

first occurs over a first dimension X, then over a second dimension Y and last 

over a third dimension Z. In the present exemplary embodiment, the origin is 

characterized by the pair of coordinates (1,1). Thus, first of all in the first 

dimension X is iterated up, then ascending in the second dimension Y. 30 

Synchronously with this, iteration occurs over the second voxels VX2, wherein 

the second voxels VX2 each correspond to a first voxel VX1. 
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[0055] It is advantageous if the second voxel model VM2 has the same number 

of second voxels VX2 as the first voxel model VM has first voxels VX1. 

 

[0056] In the second step S2, for each first voxel VX1, a first approximated 5 

distance d1 is determined at a stored predetermined distance d±∞ and stored 

in the distance attribute of the corresponding second voxel VX2. 

 

[0057] In the exemplary embodiment shown here, in the second step S2, the 

stored distance d is additionally copied into the respective distance attribute of 10 

the second voxel VX2 for each first voxel VX1 with a stored distance d in the 

distance attribute. 

 

[0058] In one aspect of the invention which is also taken into account in the 

shown exemplary embodiment, the first approximated distance d1 and/or the 15 

second approximated distance d2 (see Fig. 3) are determined only from those 

adjacent second voxels VX2 over which iteration has already been performed 

in the respective direction. Specifically, this means that no first approximated 

distance d1 can be determined for a series of second voxels VX2 at the 

beginning of the iteration in the first direction. For the affected second voxels 20 

VX2, after completion of the second step S2 of the method according to the 

invention, no distance value is available in the distance attribute, which is why 

the affected second voxels VX2 are labeled “n/a.” 

 

[0059] Depending on the first voxel VX1, a different number of neighboring 25 

second voxels VX2 contribute to the determination of the approximated 

distances da1, da2. For example, in the shown exemplary embodiment, the 

first approximated distance d1 of the voxel (4,2) was only determined on the 

basis of the distance d previously copied into the distance attribute of the 

second voxel (3,2). For subsequent first voxels VX1, the first approximated 30 

distance d1 can be included from the first approximated distances da1 and/or 
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the minimum distances d in terms of magnitude of already processed adjacent 

second voxels VX2. 

 

[0060] It is advantageous if not all available adjacent second voxels VX2 are 

included in each case for determining the first approximated distance d1, but 5 

only those second voxels VX2 which are adjacent to the respective second 

voxel VX2 up to a predetermined number of voxels, preferably in each 

direction. A predetermined number of voxels of two allows sufficiently high 

accuracy for practical applications of offsetting. 

 10 

[0061] The smaller the selected predetermined number of voxels, the less 

adjacent second voxels VX2 are included to determine a first approximated 

distance d1 for a specific second voxel VX2, and the shorter the execution time 

of the method. A specific example for ascertaining the first approximated 

distance d1 and the second approximated distance d2 is explained in more 15 

detail with reference to Fig. 4. 

 

[0062] Fig. 3 shows the second plane from Fig. 2 after executing the third step 

of an embodiment of the method according to the invention. 

 20 

[0063] In the third step S3, the first voxel model VM is iterated in a second 

direction. For each first voxel VX1 with a stored predetermined distance d±∞, a 

second approximated distance d2 is determined for the corresponding second 

voxel VX2 with inclusion of the first approximated distance d1. Consequently, 

a corresponding iteration is provided by the second voxel model VM2 25 

synchronously to the iteration by the first voxel model VM. 

 

[0064] The determined second approximated distances d2 are stored in the 

distance attribute of the corresponding second voxels VX2. 

 30 

[0065] In the second direction, starting from the first voxel VX1 furthest away 

from the origin, iteration preferably first occurs over the first dimension X, 
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subsequently over the second dimension Y, and last over the third dimension 

Z. 

 

[0066] In the present example, the voxels VX1, VX2 furthest from the origin 

have the coordinates (8,8). According to the invention, iteration is first 5 

performed in descending order in the first dimension X, and then in descending 

order in the Y direction. For a three-dimensional voxel model VM, VM2, 

iteration finally also occurs over the third dimension Z. 

 

[0067] After execution of the third step of the method according to the 10 

invention, either the minimum distance d in terms of magnitude or the second 

approximated distance d2 in terms of magnitude is stored in the distance 

attribute of each second voxel VX2. This means that a value for the respective 

distance to the surface of the physical object is available for every second 

voxel VX2 so that offsetting of the surface of the object can be applied. 15 

 

[0068] After the precise minimum distances d in terms of magnitude have 

already been copied into the second voxel model VM2 in the second step S2 

of the method according to the invention, it is useful to skip those first voxels 

VX1 which have a stored distance d in the distance attribute in the third step 20 

S3. 

 

[0069] A specific example for ascertaining the second approximated distance 

for a second voxel VX2 in the third step S3 of the method according to the 

invention is explained with reference to Fig. 4. 25 

 

[0070] Fig. 4a and Fig. 4b show the determination of the approximated 

distances da1, d2 for a second voxel according to one aspect of the invention. 

 

[0071] Fig. 4a shows the determination of the first approximated distance da1, 30 

and Fig. 4b the determination of the second approximated distance d2 for the 

second voxel. 
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[0072] Fig. 4a shows a detail of the second voxel model VM2 during the second 

step S2 of the method according to the invention during the determination of 

the first approximated distance d1 of the first voxel VX1 with the pair of 

coordinates (4,6). 5 

 

[0073] The second voxels VX2 shown in Fig. 4 are shown by dashed and 

dotted squares. Those second voxels VX2 which are adjacent to the second 

voxel (4,6) and contribute to determining the first approximated distance d1 

are marked with a solid line in Fig. 4a. 10 

 

[0074] In the shown exemplary embodiment, the predetermined number of 

voxels is selected to be equal to two. In each direction, only those second 

voxels VX2 therefore contribute to the distance determination which are at 

most two voxels from the selected second voxel VX2, here (4,6). As shown in 15 

Fig. 4a, the first approximated distance d1 of the second voxel (4,6) is 

accordingly determined from the distance values of six adjacent second voxels 

VX2, as indicated by arrows. 

 

[0075] The first voxel VX1 corresponding to the second voxel (4,6) has a 20 

predetermined distance d±∞ in the stored distance attribute. It is advantageous 

if, however, a distinction is made between a first predetermined distance d+∞ 

and a second predetermined distance d-∞. Thus, the first predetermined 

distance d+∞ can characterize a first voxel VX1 which is located outside the 

physical object. Correspondingly, the second predetermined distance d-∞ can 25 

characterize a first voxel VX1 which located within the physical object. 

 

[0076] In one aspect of the invention, for a first voxel VX1 with a first 

predetermined distance d+∞, the first approximated distance da1 can be 

determined from the minimum of the distances determined from the adjacent 30 

second voxels VX2. If a first voxel VX1 has a second predetermined distance 

d-∞ the first approximated distance d1 can be determined from the maximum 
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of the distances determined from the adjacent second voxels VX2. 

Alternatively, the first approximated distance d1 can also be calculated by 

averaging the distances determined for the adjacent second voxels VX2. 

 

[0077] Fig. 4b shows the determination of the second approximated distance 5 

d2 of the same first voxel VX1 (4,6) during the third step S3 of the method 

according to the invention. 

 

[0078] In the third step S3 of the method according to the invention, iteration 

occurs in the second direction through the first voxel model VM, and 10 

synchronously thereto through the second voxel model VM2. The second 

voxels VX2 of the detail of the exemplary second voxel model VM2 shown in 

Fig. 4b are again characterized by dotted squares. Those second voxels VX2 

which contribute to determining the second approximated distance d2 are at 

least partially outlined by a solid line. 15 

 

[0079] Due to the deviating, approximately opposite iteration direction 

compared to the second step S2, other adjacent second voxels VX2 contribute 

to determining the second approximated distance d2 of the second voxel (4,6) 

in the third step S3. Furthermore, the first approximated distance d1 20 

determined in the second step S2, which is already stored in the distance 

attribute of the selected second voxel (4,6), is also included. 

 

[0080] The second approximated distance d2 from the adjacent second voxels 

VX2 can be determined analogously to the calculation of the first approximated 25 

distance d1, i.e., by calculating a minimum, a maximum, or an averaging of the 

distances associated with the adjacent second voxels VX2. 

 

[0081] Fig. 5 shows a plane of the second voxel model corresponding to the 

plane of the first voxel model of Fig. 1 after offsetting according to one aspect 30 

of the invention. 
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[0082] After execution of the third step S3, a distance value d, d2 is stored in 

the distance attribute in every second voxel. Thus, the second voxel model 

VM2 represents a 3D model of the physical object for controlling a 3D printer, 

wherein control instructions for controlling the 3D printer can be derived from 

the second voxels VX2, and the control instructions for transmission to the 3D 5 

printer are provided. 

 

[0083] Based on the second voxel model VM2, the 3D model of the physical 

object can be digitally processed prior to 3D printing. The stored distances in 

distance attributes of the second voxels VX2 can therefore be adapted such 10 

that selected second voxels VX2 are added to and/or removed from the 

surface of the physical object. This realizes an offsetting of the shape or 

surface of the physical object. In the example according to Fig. 5, the second 

voxels VX2 marked with vertical hatching have been added to the surface of 

the physical object. 15 

 

[0084] It is advantageous if, after the processing of the 3D model, the distance 

d or the second approximated distance d2 is only stored for each second voxel 

VX2 if an additional storage criterion is met. The storage criterion can in turn 

be implemented for example as a prespecified threshold value for the distance 20 

of the second voxels VX2. 

 

[0085] In the example shown in Fig. 5, for the sake of clarity, those second 

voxels VX2 which do not meet the predetermined storage criterion are shown 

as empty squares. However, for those second voxels VX2 whose distance 25 

value in the distance attribute lies below a second predetermined threshold 

value d2MAX (= predetermined storage criterion), the distance d, da2 is stored 

in the distance attribute. 

 

[0086] In this way, a second voxel model VM2 can also be persisted in a sparse 30 

and therefore storage-optimized data structure after offsetting. 
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[0087] In the following, an example of offsetting concretized by numerical 

values is explained based on the second voxel model VM2 according to one 

aspect of the invention. 

 

[0088] Fig. 6a shows an exemplary embodiment of the plane from Fig. 3 with 5 

specific distance values. 

 

[0089] For the second voxel model VM2 shown in Fig. 6a, a distance value for 

the second voxels VX2 was determined in each case by performing the steps 

of the method according to the invention and stored in the associated distance 10 

attribute. All those distance values which lie above the predetermined second 

threshold value have been replaced by the first predetermined distance d+∞, 

here “+∞.” 

 

[0090] The predetermined second threshold value in this example is “2,1” for 15 

the region outside the surface of the physical object and “-0,1” for the region 

within the physical object. This means that in the second voxel model VM2 of 

Fig. 6a, distance values are only stored for those second voxels VX2 whose 

determined distance lies between "-0,1" and "2,1". 

 20 

[0091] Fig. 6b shows the plane of Fig. 6a after adjusting the distance values 

by an offset distance. 

 

[0092] In this exemplary embodiment, the offset distance is “+ 1” (for example 

1 mm). For offsetting, the distance values stored in the respective second 25 

voxel VX2 are adjusted by the offset distance. In this case, the value “1” is 

subtracted from the stored distance values. In this exemplary embodiment, the 

second voxels VX2 in which a predetermined distance is stored are not 

adapted. The adjustment by the offset distance is therefore only carried out for 

those second VX2 voxels in which no predetermined distance value is stored. 30 
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[0093] In this example, an adjusted distance value dO of "-1" is therefore 

determined for those second voxels VX2 that are part of the surface of the 

physical object, i.e., that have the distance value "0" stored in Fig. 6a. 

Advantageously, the adjusted distance values are in turn filtered with the 

predetermined first threshold value. 5 

 

[0094] In this example, the predetermined first threshold value is “1,1” for the 

region outside the surface of the physical object and “-0,1” for the region within 

the physical object. The second voxels VX2, which have an adjusted value of 

“−1”, have therefore been replaced in this example by the predetermined 10 

distance d-∞, here “-∞.” 

 

[0095] Fig. 6b therefore illustrates how an envelope, in particular a uniform 

envelope, can be efficiently placed around the physical object by the offsetting. 

In the same way, with a negative offset distance, a layer of the physical object, 15 

in particular a layer having a constant thickness, can be removed. In both 

cases, a transformation of the surface described in the voxel model is therefore 

carried out. 
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List of reference signs 

 

VM First voxel model 

VM2 Second voxel model 

VX1 First voxel 5 

VX2 Second voxel 

d Minimum distance in terms of magnitude of a voxel to the surface of the 

physical object 

d±∞ Predetermined distance 

d+∞ First predetermined distance 10 

d-∞ Second predetermined distance 

dO Adjusted distance value 

d1 First approximated distance 

d2 Second approximated distance 

dMAX Predetermined threshold 15 

d2MAX Additionally predetermined threshold value 

S1 First step of the method according to the invention 

S2 Second step of the method according to the invention 

S3 Third step of the method according to the invention 

  20 
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Claims 

 

1. A computer-implemented method for creating a second voxel model 

(VM2) from a first voxel model (VM), wherein the first voxel model (VM), which 

has first voxel (VX1), represents a 3D model of a physical object, wherein a 5 

distance attribute is assigned to each first voxel (VX1), wherein the distance of 

the respective first voxel (VX1) to the surface of the object can be stored in the 

distance attribute, wherein for each first voxel (VX1) whose minimum distance 

(d) in terms of magnitude lies below a first predetermined threshold value 

(dMAX), the minimum distance (d) in terms of magnitude is stored in the distance 10 

attribute, and for each first voxel (VX1) whose minimum distance in terms of 

magnitude (d) lies above the first predetermined threshold value (dMAX), a 

predetermined distance (d±∞) is stored in the distance attribute, 

wherein 

- in a first step (S1), the second voxel model (VM2) that has second 15 

voxels (VX2) is generated with a dimension identical to the first voxel model 

(VM), wherein a first voxel (VX1) corresponds to a second voxel (VX2), 

wherein a distance attribute is assigned to each second voxel (VX2), wherein 

the distance (d2) of the respective second voxel (VX2) to the surface of the 

object can be stored in the distance attribute, 20 

- in a second step (S2), iteration is performed in a first direction by the 

first voxel model (VM), wherein for each first voxel (VX1) with a stored prede-

termined distance (d±∞), a first approximated distance (da1) is determined for 

the corresponding second voxel (VX2) and stored in the distance attribute of 

the corresponding second voxel (VX2), 25 

- in a third step (S3), iteration is performed in a second direction by the 

first voxel model (VM), wherein for each first voxel (VX1) with a stored prede-

termined distance (d±∞), a second approximated distance (da2) is determined 

for the corresponding second voxel (VX2) taking into account the first approx-

imated distance (da1) and stored in the distance attribute of the corresponding 30 

second voxel (VX2), 
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wherein the second voxel model (VM2) represents a 3D model of the 

physical object for controlling a 3D printer, wherein control instructions for con-

trolling the 3D printer are derived from the second voxels (VX2), and the control 

instructions for transmission to the 3D printer are provided. 

 5 

2. The method according to claim 1, wherein, in the second step (S2), the 

stored distance (d) is additionally copied into the corresponding distance 

attribute of the second voxel (VX2) for each first voxel (VX1) with a stored 

distance (d) in the distance attribute. 

 10 

3. The method according to the preceding claim, wherein in the third step 

(S3), first voxels that have a stored distance (d) in the distance attribute are 

skipped. 

 

4. The method according to claim 1, wherein in the first step (S1), the 15 

second voxel model (VM2) is initialized as a copy of the first voxel model (VM). 

 

5. The method according to any of the preceding claims, wherein in the 

second step (S2) and/or in the third step (S3), the first approximated distance 

(da1) and/or the second approximated distance (da2) for the corresponding 20 

second voxels (VX2) is determined from the stored distances of those second 

voxels (VX2) which are adjacent to the respective second voxel (VX2) up to a 

predetermined number of voxels, preferably in each direction. 

 

6. The method according to claim 4, wherein the predetermined number 25 

of voxels is two. 

 

7. The method according to any of claims 4 or 5, wherein: 

- the predetermined distance (d±∞) in the distance attribute of a first 

voxel (VX1) comprises a first predetermined distance (d+∞) and a second pre-30 

determined distance (d-∞), 
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- for a first voxel (VX1) with a first predetermined distance (d+∞), the first 

approximated distance (da1) and the second approximated distance (da2) are 

determined from the minimum of the distances determined from the adjacent 

second voxels (VX2), and 

- for a first voxel (VX1) with a second predetermined distance (d-∞), the 5 

first approximated distance (da1) and the second approximated distance (da2) 

are determined from the maximum of the distances determined from the adja-

cent second voxels (VX2). 

 

8. The method according to the preceding claim, wherein the first and/or 10 

the second approximated distance (d1; da2) are only determined from those 

adjacent second voxels (VX2) via which iteration already occurred in the 

respective direction. 

 

9. The method according to any of the preceding claims, wherein the first 15 

and second voxel model (VM; VM2) are in each case three-dimensional, 

wherein in the first direction, starting from an origin, iteration first occurs 

iteratively over a first dimension (X), then over a second dimension (Y) and 

last over a third dimension (Z), in each case in ascending order. 

 20 

10. The method according to the preceding claim, wherein in the second 

direction, starting from the first voxel (VX1) furthest away from the origin, 

iteration occurs first over the first dimension (X), then over the second 

dimension (Y) and finally over the third dimension (Z) in each case in 

descending order. 25 

 

11. The method according to any of the preceding claims, wherein the 

distance (d) and/or the second approximated distance (da2) is only stored for 

each second voxel (VX2) if it additionally meets a predetermined storage criterion. 

 30 

12. The method according to any of the preceding claims, wherein: 
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- for each second voxel (VX2) whose minimum distance in terms of 

magnitude lies below a second predetermined threshold value (d2MAX), the dis-

tance (d; da2) is stored in the distance attribute, and 

- for each second voxel (VX2) whose minimum distance in terms of 

magnitude lies above the second predetermined threshold value (d2MAX), a 5 

predetermined distance (d±∞) is stored in the distance attribute. 

 

13. The method according to any of the preceding claims, wherein the first 

voxels (VX1) and/or the second voxels (VX2) are each stored in a tree structure, 

wherein the tree structure comprises a root node and has a predetermined 10 

maximum first number of hierarchy levels, and a predetermined second number 

of sub-nodes can be assigned to each node of a hierarchy level. 

 

14. The method according to the preceding claim, wherein: 

- the predetermined maximum number of hierarchy levels is three, 15 

- the predetermined second number of sub-nodes is 4096 so that 4096 

subnodes can be assigned to each node of a hierarchy level, with the excep-

tion of the lowest hierarchy level. 

 

15. The method according to claim 1, wherein the second voxel model (VM) 20 

generated in the first step (S1) has the same number of second voxels (VX2) 

as the first voxel model (VM) has first voxels (VX1). 

 

16. The method according to claim 1, wherein a distance value that is stored 

in the distance attribute of the respective second voxel (VX2) is adjusted by a 25 

predetermined offset distance, and the adjusted distance value (dO) is stored in 

the distance attribute, wherein for each second voxel (VX2) whose adjusted 

distance value (dO) lies above the first predetermined threshold value (dMAX), the 

adjusted distance value (dO) is replaced with the predetermined distance (d±∞). 

 30 

17. The method according to claim 12, wherein a distance value that is 

stored in the distance attribute of the respective second voxel (VX2) and is not 
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a predetermined distance (d±∞) is adjusted by a predetermined offset distance 

and the adjusted distance value (dO) is stored in the distance attribute, wherein 

for each second voxel (VX2) whose adjusted distance value (dO) lies above 

the first predetermined threshold value (dMAX), the adjusted distance value (dO) 

by the predetermined distance (d±∞) is replaced.  5 


