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Abstract – Currently, we are registering a great boom in computer technology, which allows us to use ICT 

techniques and procedures even in those areas in which it was not common. One such area is the creation 

of partial or complete realistic 3D models of real bodies in biology - in our case, trees or wood. Their great 

advantage is that they can capture various cases of growth deformations, interesting shapes or atypical 

formations. Many are temporary and unstable. An example can be a wood rotting fungus. These can then 

be studied outside the place of their growth and at the same time preserved for future comparisons. This 

leads to another possibility of their use in the educational process. We must also point out that a real 3D 

model with preserved dimensional proportions and true colors is a much better solution for studying than a 

classic photograph. We use photogrammetry to create 3D models. Its great advantage is that the 3D model 

is created from a series of photos that capture the part of the real object from which we want to create a 

partial 3D model. A classic touchscreen mobile phone is enough to get these photos. However, many 

problems and complications are associated with the creation of 3D models. It is not always possible to get 

quality photos. This can be caused by e.g. height, terrain or other obstacles. To obtain the desired partial 

3D model, it is ideal if several conditions are met when obtaining photos, such as overlapping photos, 

sharpness, color, visible texture, etc. But in real cases it is not always possible to achieve this and therefore 

in our contribution we focus on the subsequent processing by which we can achieve our goal - even under 

the aforementioned unfavorable conditions to create a 3D model.   
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I. INTRODUCTION 

Models in general are currently very widespread 

and in practice bring many positives. Some are 

listed, for example, in: [1-4] 3D models are also a 

very good tool for analysing different growth forms 

on trees. In addition, they are very beneficial for 

supporting interdisciplinary relationships, whether 

between informatics and biology or even 

mathematics [5-8]. Advantageously, we can also 

use UAVs when obtaining photos. They are 

especially suitable in those cases in which the 

objects are in inaccessible places, at heights, rocky 

places, etc. [10-12] Drones are no longer completely 

new even in the educational sphere. It is 
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advantageous to use them in secondary schools, 

where we can focus on the use of various HW 

electronic components, for example Arduino and 

simulation environments, for example Tinkercad. 

[20-23] 

In the educational field, the creation of 3D models 

can be interesting for both students and teachers. It 

makes it possible to encourage students' interest in 

biology and STEM subjects in a playful way. In 

addition to working in the computer lab, students 

can also participate in photo collection, where they 

can also participate in field work, which is 

especially appropriate in the subject of biology. [14-

19] [24-27] 

II. MATERIALS AND METHOD 

Often the reason why a 3D model could not be 

created is that the photogrammetric software could 

not use all the photographs and excluded some of 

them from the creation. Such photos are usually 

marked in red, which is what we see in our case. We 

specifically used the photogrammetric software 

pix4D to create the 3D model - see. Figure 1. This 

is a very good tool for creating 3D models with 

which we have already achieved many positive 

results in the past. If the software discards some 

photos, the 3D model may be incomplete. In this 

case, the part of the model from which the photos 

were missing is usually missing. In such cases we 

have to try to manually add the discarded photos. 

One option we can use with advantage are Tie-

points. By adding manual Tie-points we may be able 

to add some photos. We do this by selecting tie-

points on photos that have already been processed 

by the software (they are marked in black) that are 

clearly visible even on photos that have not been 

processed by the software. By manually marking 

these points on the photos and adding them, we then 

re-run the Local processing (blue quadrilateral in 

Figure 1), which will result in a new 3D model but 

with the Tie-points already processed. 

 
Fig 1 Example of marking discarded - unused photos for 3D 

model creation in Pix4D environment window 

However, these procedures can also be used when 

part of the desired 3D model has not been created, 

i.e. when the model is incomplete. We will show this 

with the following concrete example. In Figure 4, 

we see the marked part on the trunk of the tree from 

which we want to create a partial 3D model. So not 

the whole trunk, just the part we are interested in. 

This is an older tree that has very nicely healed 

pruning wounds, and it is one such wound that is the 

focus of our interest. Let's just say that in collecting 

the photographs, only a very small number could not 

be obtained. The minimum number of photographs 

from which a 3D model of sufficient quality can be 

constructed is 3. In our case we have only one more 

photograph, 4, which we also show in figure 4. 

Normally, such partial models are created from ten, 

up to several dozen photographs. We can see that 

already at the beginning we have a not ideal starting 

point for the creation of a 3D model. As a 

counterexample, we see in Figure 2 a well-crafted 

3D model of a trunk from several dozen 

photographs taken at a single height. 

 

 
Fig 2 Sorbus aucuparia L. 3D modell. Available for 

download at: https://skfb.ly/ozPJH 

 

It is also good to see another problem, namely that 

the photographs were taken from the ground. In this 

case we did not have the possibility of using a UAV 

so the overlay will not be perfect. The last photo is 

even without significant contrast. These 

complications then lead to the creation of a partial 

3D model of which a significant part may be 

missing and, as can be seen in our example, is 

missing. 
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Fig 3 Created 3D model 

So the natural question is, how many Manual Tie-

points are needed? There is no clear answer. It all 

depends on the task at hand. In our practice we have 

worked with models that did not need Manual Tie-

points but also models where this need amounted to 

several tens of Manual Tie-points. Certainly, it 

happens that some model or sub 3D model cannot 

be created. That is why it is a challenge. This often 

happens, for example, when obtaining photographs 

against the sun. 

  

  
Fig 4 Photographs serving as a basis for the creation of the 

3D model 

We can describe the model by several parameters, 

which, in connection with the required number of 

Manual Tie-points on a specific example, we will 

present in the results of this work. In total, we used 

21 Manual Tie-points to build the model before we 

were able to obtain the desired fraction. We show 

the location of the Manual Tie-points in Figure 5. 

Manual Tie-points 7, 3, 8, 2, 15 and 6 are located 

outside the desired part. The point in the middle 

without reference is Manual Tie-points 14. When 

choosing Tie points, we tried to select most of the 

points in the desired area. 

 
Fig 5 Tie-points location and specific example for Tie-point 3 

III. RESULTS AND DISCUSSION 

In table number 1, we list frequently observed 

statistical indicators when creating a 3D model 

using a different number of Tie-points. With the 

increasing number of added manual Tie-poits, we 

see that the Number of 3D Points between two 

photos does not change significantly. But we can see 

a slight increase between the four photos. It is clear 

that their number has doubled. 

But the difference is noticeable between Number 

of 3D Densified Points (No3DDP). In picture 

number 6, it is clearly seen that by adding manual 

Tie-Poits (MaTP), their number grows. In our case, 

the following applies to these increases: 

 
𝑁𝑜3𝐷𝐷𝑃 = −68,817 ∙ MaTP2  +  6005,7 ∙ MaTP 

+  94611 

Where R2 = 0,905 

 
Fig 6 Dependence between Number of 3D Densified Points, 

Total time and Number of manual Tie-points 
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Table 1  Results of indicators in the course of adding manual tie-points 
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0 - 4,71 12279 325 12 103216 

 

9 9 12 30 

1 3/3 4,58 12268 334 14 104439 9 9 12 30 

2 4/4 4,69 12271 326 10 103250 9 9 12 30 

3 4/4 2,27 12267 349 16 108331 9 10 12 31 

4 2/2 2,28 12267 349 16 107684 9 9 12 30 

5 4/4 2,12 12262 358 15 108247 9 10 12 31 

6 4/4 30,66 12167 447 19 149578 17 11 13 41 

7 4/4 25,56 12205 418 17 137070 16 11 13 40 

8 3/4 33,83 12171 447 19 152894 19 12 13 44 

9 4/4 34,01 12171 447 19 150571 18 12 13 43 

10 4/4 27,7 12180 439 17 138198 16 11 13 40 

11 4/4 34,54 12178 441 18 151932 18 11 13 42 

12 4/4 37,23 12164 450 21 157146 18 12 13 43 

13 4/4 37,08 12167 447 21 158983 18 12 13 43 

14 4/4 41,55 12155 457 24 168392 19 13 14 46 

15 4/4 38,49 12168 448 21 160691 20 12 13 45 

16 4/4 41,89 12154 457 23 167645 20 12 13 45 

17 4/4 38,68 12164 453 25 162049 20 12 13 45 

18 4/4 46,69 12145 468 26 183569 20 13 14 47 

19 4/4 50,43 12135 467 28 193190 19 14 14 47 

20 4/4 49,24 12129 468 27 192119 20 14 14 48 

21 4/4 49.13 12126 466 28 190327 20 13 14 47 

 
* Number of images where the manual tie point has been automatically verified vs. manually marked. [13] 
** Relative difference between initial and optimized internal camera parameters. [13] 
*** 3D Points from 2D Keypoint Matches. [13] 
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Of course, the processing time also increases 

with the number of added manual Tie-Points. From 

the total number of 21 manual Tie-points, we will 

show the real results of forming a partial model. We 

present these results in figure 7. 

 

 
  

5 15 18 

   

 

 

 

Fig 7 Above: 3D model of the desired area using 5, 15 and 18 

manual Tie-points. Bottom: Final partial 3D model from three 

views. Available at: https://skfb.ly/oGKHI  
 

IV. CONCLUSION 

In conclusion, we can state that by adding manual 

Tie-Points we managed to obtain the required area 

of the 3D model. These procedures are equally well 

applicable both in technical practice and in the 

educational process, when they can also bring good 

results. 
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