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Abstract 

The paper considers the use of a 3D camera with ToF technology to identify biological images in the form of a cow's 

udder. An algorithm has been developed that is autonomously able to recognize the desired point clouds related to 

individual nipples. The algorithm has been tested and can be used as a basis for further search for positioning points of 

the working bodies of the milking manipulator. 
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1. Introduction 

 

A three-dimensional time-of-flight camera or 3D ToF is a type of non-scanning lidar (a device for detecting, 

identifying and determining range using light), which uses powerful optical pulses of several nanosecond durations to 

capture depth information (usually, at short distances) within the region of interest. Time-of-Flight cameras are most often 

used as follows: navigation in a confined space, gesture recognition, scanning objects, tracking objects, measuring 

volumes, monitoring the target area, fast accurate indication of the distance to the target, augmented reality, evaluation of 

the size and shape of objects [1], [2], [3], [4], [5], [6], [7], [8], [9]. So, the first smartphone with a ToF camera was the 

iPhone X, released in the fall of 2017. It is a key element of the FaceID system that scans the user's face. In 2015, with 

the help of a drone and a camera with ToF technology, a three-dimensional image of the statue of Christ the Savior in 

Brazil was successfully created. Prior to this, an exact model of this statue did not exist. ToF technology is used not only 

on drones and telephones, but also in various areas, such as: logistics, surveillance and security, robotics, medicine, games, 

photos, film production, auto industry, archeology, environmental projects, and farm automation [10]. Sensors such as 

lidars (used in Lely milking robots), lidar flashes, 360-degree 3D lidars and TOF cameras (used in Lely, GEA, DeLaval 

milking robots) are built on TOF technology. The principles of TOF depth measurement are divided into pulse 

W
or

kin
g P

ap
er

 of
 33

rd
 D

AA
AM

 S
ym

po
siu

m



33RD DAAAM INTERNATIONAL SYMPOSIUM ON INTELLIGENT MANUFACTURING AND AUTOMATION 

 

 
 

modulation, CW modulation, and pseudo noise modulation. TOF are used when it is necessary to analyze the volume, 

shape of an object, to determine the position of an object in three-dimensional space relative to the world coordinate 

system. Use as a head module to control a self-propelled or self-propelled object. Choi [11] developed a navigation system 

for a combine harvester using pulse modulation technology. The system has been tested under static and dynamic 

conditions with 0.02 m and 0.07 m rms errors. Ifm [12] has developed an intelligent sensor with continuous wave 

modulation, where the emitter is located in a separate unit from the receiver. The sensor is specially designed for outdoor 

use, which does not react to interference such as sunlight, materials with various reflective effects (glare resistant). The 

system captures contour lines, which makes it possible to recognize up to 20 different objects at a distance of up to 35 m. 

In studies [13], a system was developed based on TOF technology (modulation of continuous waves), which was protected 

from wind and sunlight. The authors found the superiority of TOF over stereo imaging sensors, as well as low TOF 

resolution and small viewing angle. Studies [14] used a combination of a two-dimensional camera with TOF (continuous 

wave modulation) to assess apple yield. The authors were able to recognize up to 88% of apples, noting that a high 

percentage was provided by images from multiple angles. The remaining 12% were not identified due to the fact that they 

were covered with branches and leaves. Lidar systems are more often used to solve geodetic problems. Large corporations 

use lidars to develop self-driving cars. In studies [15] Akhloufi M.A it was found that the use of the lidar system for 

scanning the teat of a cow's udder is not 100% effective. In studies [16], images of maize plants were obtained using lidar. 

It was found that for the correct obtaining of the results, the angle of installation of the lens of the three-dimensional 

sensor in relation to the object under study is important. In studies [17], the authors used a three-dimensional lidar -360 ° 

as a navigation sensor. Factors such as reaction of cows to the presence of a robot, remote control and tracking were 

positively assessed. In the framework of this article, the question of using a 3D camera to detect a biological image in the 

form of nipples of an udder of a cow is considered. Automatic identification is necessary for automated milking of an 

animal. 

 

2. Automated Milking Plants 

 

In existing automatic milking systems of various manufacturers, including Lely, Gea Farm, DeLaval, there are 

drawbacks associated with alternately putting on milking cups with a long time interval, which contribute to reducing the 

release of oxytocin due to delays in the stimulating effect on the nipple receptors, which leads to to incomplete elimination 

of milk from the alveoli. Moreover, the advantage of such systems is the absence of need to search and analyze all 

biological objects at the same time. The relevance of this work is the development of an identification algorithm for all 

the nipples of a cow with the aim of further analysis and the formation of positioning points for the working bodies of the 

milking robot, the kinematics of which allow positioning at all desired points at the same time. 

Typically, such installations consist of multi-link manipulators driven in motion by a pneumatic or electric motor. In 

the work of Dorokhov A., et al. the question is just being considered of choosing the kinematic model of such manipulators 

and the location of the drive equipment to ensure the required reachable areas of the working body [18]. The solution of 

the kinematics problems is considered by Ganin, P.E., et al. [19]. The authors developed an algorithm for solving 

kinematics problems, which provides for scaling when changing the design parameters and the number of manipulator 

links. The search for a solution to kinematic problems is based on a neural network approach in combination with 

numerical refinement algorithms. 

Аn important part of the automatic milking system for cows is the automatic nipple recognition system for the cow. 

This task is not effectively solved with the help of technical vision, since in this case it is necessary to know for sure the 

necessary threshold value for the preparation of the original image in order to detect the desired object, so Figure 1 shows 

the result of the preparation of the original image.  

 

 
                                                     a                                                                                       b 

Fig. 1. The result of the preparation of the original image: a) the original image,  

b) the binarized image with various threshold values 

W
or

kin
g P

ap
er

 of
 33

rd
 D

AA
AM

 S
ym

po
siu

m



33RD DAAAM INTERNATIONAL SYMPOSIUM ON INTELLIGENT MANUFACTURING AND AUTOMATION 

 

 
 

As you can see, when a threshold value changes in a certain range, they lead to the formation of many contours; 

accordingly, not knowing the exact threshold value for a particular case makes it impossible to accurately determine the 

coordinates of the desired object [20]. Nevertheless, there are algorithms where the aforementioned problem is solved by 

introducing intuitive parameters that provide a compromise between undersegmentation and excessive segmentation [21],  

[22] or segmentation of objects using the evaluation method core density, after which the points are divided into objects 

[23]. Nevertheless, when controlling robotic systems, it is recommended to use 3D ToF cameras as feedback [10]. 

 

 

3. Description of the experimental laboratory stand 

 

The testing of the developed algorithms was carried out at the laboratory bench shown in Figure 2 in the 0zx plane. A 

plastic udder model was used as the object under study, and a 3D ToF camera was used as a camera. There are a huge 

number of cameras with ToF technology, their detailed comparison is presented by Deckers, N. and Reulke, R. [24]. In 

this work, we used IFM O3D303 capable of capturing an image in the format [264,352] in real time with a frequency of 

25 Hz. The device has a working range from 0.3 m. to 8 m. And provides distance information in real time. A detailed 

discussion of the camera can be found in Bogaerts et al. [25]. Various techniques and techniques for processing signals 

from a ToF camera are disclosed in Kolb et al. [26]. Recognizing the objects in the image alone is not enough for the full 

functioning of the system, it is also necessary to know the location of the objects found relative to a certain reference 

frame. This is another reason to use an industrial camera with the ability to visually assess the distance - a 3D camera with 

ToF technology. 

 

 
Fig. 2. The appearance of the laboratory bench in the 0zx plane 

 
Knowing the aperture angles α (see Figure 2) and β along the axes 0x and 0y of the camera allow to build a point cloud 

in the space 0xyz. In order to automatically recognize biological objects in the form of nipples of the udder of a cow, it is 

necessary, first, to define a cloud of points of the udder itself. 

 

 

4. Defining an udder point cloud 

 
In the existing and developing milking machine robot, a 3D camera, which serves as feedback when controlling the 

positioning of the working bodies, is installed near the object, as shown in Figure 3. This arrangement ensures the location 

of the udder points in the center of the entire cloud of points, and at the closest possible distance to the camera. 

 
Fig. 3. The dependence of the distance between points on the location of the object on the plane 0zx 
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In Figure 3, points A and B are adjacent points, the distance 𝐒 between them increases with increasing distance 

between the camera and the tracking object. According to the foregoing, an experimental range of values [0, 𝐒] was 

selected, which eliminated all points, the distance between which exceeded the permissible value of 𝐒. The range set by 

the operator [0, 𝐒] guaranteed no screening of the udder points. The distance between point A and B is calculated using 

the following equation:  

 

𝐒 = √(𝐱𝐀 − 𝐱𝐁)2 + (𝐲𝐀 − 𝐲𝐁)2 + (𝐳𝐀 − 𝐳𝐁)2, (1) 

 

where (𝐱𝐀, 𝐲𝐀, 𝐳𝐀) – coordinates of point A, m; (𝐱𝐁, 𝐲𝐁, 𝐳𝐁) – coordinates of point B, m. 

 

 
Fig. 4. The location of all adjacent points with point A 

 

If the value of 𝐒 is within the admissible value that is set by the operator, the entire series of points from A to B will 

enter the object and the verification of the point's belonging to the cloud is terminated, in this case, the cloud number that 

was indicated earlier at point B is assigned, or a new number is assigned (see figure 4). If the value of S is not in the 

acceptable range [0, 𝐒], then a similar verification of the distance to the point B, C, D, K, L, N, M, P follows. 

Figure 5 shows an example of the work of the approach for searching point clouds. Checking points is carried out 

diagonally, provided that earlier the check was not carried out and not a single cloud of points was formed. For the first 

point, the admissible value of S was calculated to point B (see Figure 3), the second to the point D, the third to the point 

P, the fourth to the point L, and the fifth - the admissible value 𝐒 was not found in all available options. Figure 5 shows 

that as a result of testing the algorithm, three-point clouds were found, the largest of which is marked with a red frame.  

Figure 6 shows all the points that fit the specified requirement, where the purple color indicates the points that do not 

exceed the allowable value of S on the diagonals, blue - on the horizontal and vertical. Since the 3D camera is installed at 

the smallest distance to the udder, the largest point cloud (cluster of points) will be a point cloud consisting of cow udder 

points. Figure 7 shows in black the largest point cloud that was detected in the experiment. 

 

 
Fig. 5. An example of a point cloud search algorithm 

 

For further analysis of the obtained cloud of the udder points of the cow, it is necessary to clarify with all the points 

that were not included according to the verification of permissible distances, but according to biological features probably 

related to this cloud of udder points. To do this, it is necessary to include in the cloud of udder points of the cow all the 

points from the original cloud of points that fall into the range [𝐱𝐦𝐢𝐧, 𝐱𝐦𝐚𝐱], [𝐲𝐦𝐢𝐧, 𝐲𝐦𝐚𝐱] and [𝐳𝐦𝐢𝐧, 𝐳𝐦𝐚𝐱], where 𝐱𝐦𝐢𝐧, 

𝐲𝐦𝐢𝐧, 𝐳𝐦𝐢𝐧, are the minimum values of the coordinates of the points along the x, y, and z axes, respectively, 𝐱𝐦𝐚𝐱, 𝐲𝐦𝐚𝐱, 

𝐳𝐦𝐚𝐱, are the maximum values of the coordinates of the points 𝐱, 𝒚, and 𝐳 axes, respectively. Figure 7 shows in red a 

refined cloud of cow udder points. 
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                                                      а                                                                                                b 

Fig. 6. The cloud of points, the distance between which does not exceed S: a) a front view, b) a side view 

 
                                                       а                                                                                              b 

Fig. 7. The cloud of udder points: a) front view, b) top view 

 
                                                      а                                                                                               b 

Fig. 8. Positive and negative impact of refinement of the point cloud: a) restoration of lost data,  
b) strengthening of artifacts 

 

 

Artifact 

Recovery of lost data 
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The aforementioned refinement has an important merit - for example, Figure 8a shows that after identifying the largest 

point cloud, information about the 4 nipples did not fit into the cloud, while the rectification of this cloud made it possible 

to fill in the lost data. In this case, there may be cases with a negative effect (see Figure 8b), when the point cloud contains 

artifacts. 

 

5. Defining cow nipple point clouds 

 

Knowing the biological features of the structure of the cattle udder and the generalized location of the nipples on the 

udder, we can conclude that of all the received points of the udder cloud of the cow, those points that are located below 

the udder, or with the smallest coordinate along the 0z axis, are of most interest. To eliminate unnecessary points, their 

total number was divided into 10 identical sections along the 0z axis to calculate them and determine the section with the 

largest content (see Figure 9). In graphic display (see Figure 9a), it is seen that the area in the center of the image is the 

most massive in terms of the number of points in it. Figure 9b shows the dependence of the number of points in a section 

on the number of sections where you can determine the exact section with the maximum number of points. Also, this 

section can be determined by taking the derivative of the function that describes this dependence, and equating it to zero: 

 

𝐱 = −81,6 ∙ 𝑦2 + 858,5 ∙ 𝑦 − 505,2, (2) 

𝐱′ = −163,2 ∙ 𝑦 + 858,5, 
𝐱′ = 0, 
163,2 ∙ 𝐲 = 858,5, 
𝐲 = 5,26 →  𝐱 = −81,6 ∙ 5,26 2 + 858,5 ∙ 5,26 − 505,2 = 1752 points. 

 

 

In order to free up operational space, all data about points located on top is deleted, since they do not contain any 

information about the nipples. 

By the identification of biological images is meant the detection of nipples and the formation of individual point 

clouds. In order to identify the desired objects, as in determining the cloud of the udder of a cow, the distances between 

the points were calculated by the equation (1). Next, a point cloud was determined, which includes the largest number of 

points and calculated its average location coordinates using the following equations: 

 

𝐱𝐦𝐢𝐝 = [∑ 𝐱

𝑛

𝑖=1

] 𝐧,⁄ 𝐲𝐦𝐢𝐝 = [∑ 𝐲

𝑛

𝑖=1

] 𝐧,⁄ 𝐳𝐦𝐢𝐝 = [∑ 𝐳

𝑛

𝑖=1

] 𝐧,⁄  (3) 

 

where 𝐧 – the number of points in the cloud, pcs; (𝐱𝐦𝐢𝐝, 𝐲𝐦𝐢𝐝, 𝐳𝐦𝐢𝐝) – coordinates of the center of this point cloud, m. 

When determining the subsequent biological images, it is also necessary to compare the found coordinates of the 

center of the current cloud so that they do not enter the zone described by the radius R relative to the center of another 

cloud of points (see Figure 10): 

 

(𝐱 − 𝐱′𝐦𝐢𝐝)2 + (𝐲 − 𝐲′𝐦𝐢𝐝)2 + (𝐳 − 𝐳′𝐦𝐢𝐝)2 > 𝐑2, (4) 

 

where (x, y, z) - coordinates of the center of the current point cloud, m; R is the radius described zone relative to the 

center of another cloud of points, m; (𝐱′𝐦𝐢𝐝, 𝐲′𝐦𝐢𝐝 , 𝐳′𝐦𝐢𝐝) - coordinates of the center of the previous point cloud, m. 

 

 
                                                      а                                                                                               b 

Fig. 9. Search for an area with a maximum number of points: a) dividing a point cloud into equal sections, b) a graphical 

representation of the dependence of the considered point cloud segment on the number of points in it 
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Fig. 10. Zones described around the centers of point 

clouds found 

 

Fig. 11. Fixation of point clouds, characterizing each 

separately the nipple of the animal 

Figure 10 shows the red points that are not included in any of the found point clouds. In Figure 11, on the 0yz plane, 

biological images are shown in red and green dots that satisfy the requirements of (4), and are the desired point clouds 

that characterize each individually nipple of the animal 

As a further continuation of ongoing research, the authors propose the use of a methodology for finding the dimensions, 

orientation and position parameters of a parabolic ellipsoid, which was proposed by Min Dai, et al. [27]. It is assumed 

that this approach will determine the parameters of the elliptical paraboloid that describes the cow's nipple. 

 

6. Conclusions 

 
Based on the work done, the following conclusions can be drawn: 

This approach for identifying given biological images was tested and in 97.5% of all cases, clouds of nipple points of 

the cow were formed. 

Analyzing the work of the developed identification algorithm, it was noticed that the algorithm worked out too long, 

reaching up to 6 seconds. This is due to the fact that at the entrance to the developed algorithm a matrix with data of more 

than 90 thousand points arrives, which entails an increase in the processing time of the input information. To reduce 

operating space costs, it is recommended to reduce the number of points for analysis in those places where their number 

does not affect the content of the resulting point clouds. 

Although the experimental results demonstrated the reliability of the presented approach, further testing is required to 

determine the ability of the system to cope with various scenarios existing in natural conditions. 
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