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Abstract: Existing approaches to the electric cyclic action bucket excavators’ technological operations identification are considered. The 

authors proposed the term “technological condition” of a single-bucket excavator as a combination of the current technological operation 
and data on the technical condition of the main components of the excavator. Based on the data analysed, a new method has been developed 

and proposed for identifying the technological state of excavators based on the mathematical apparatus and tools of neural networks and 
pattern recognition, which can be used in further studies. According to the methodology proposed by the authors using pattern  recognition 

technologies based on the OpenCV library and a stereo pair formed from two Xiaomi cameras, experimental tests were carried out on a real 

object - an electric single-bucket excavator type "direct shovel" ECG-8I under various environmental conditions, including poor visibility. 
According to the test results, the proposed method showed high accuracy in technological operations identification - the identification error 

in the test sample did not exceed 5%, which indicates the adequacy of the constructed model. The scientific novelty of the work lies in the 
application of a method not previously applied in this field of technology, as well as in the proposed mathematical and simulation models. 

The practical novelty lies in the possibility of introducing this approach for the construction of automated management, moni toring and 
control systems, for solving the problems of weighing rock in an excavator bucket, determining the granulometric composition of rock in a 

bucket, as well as other identification problems. 
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1. Introduction
One of the excavator information-measuring and control systems
important issues is the identification of technological cycle

operations. Identification of the excavator technological state is an
integral part of solving the bucket weighing problems, optimal drive

control, automation or robotization of technological operations. 
Also, the technological cycle operations identification of individual

mining machines makes it possible to determine the technological 

state of the mining enterprise as a whole, as well as to carry out 
operational monitoring and management of the enterprise.

2. Prerequisites and means for solving the

problem 
Traditionally, the modules responsible for the excavators 

technological state identifying are built on the theoretical basis of 
algebra of logic elementary functions (for example, in [1], [2]), 

which does not allow qualitatively identifying all the variety of 
operations encountered when operating excavators in various 

mining and technological conditions. Attempts to make the 
identification process more universal immediately lead to a sharp 

complication of the schemes of such modules (as an example, we 
can consider the approach described in [3]). Therefore, at present, to 

solve this problem, the theory of constructing expert systems and 

control using fuzzy logic (for example, [4-7]) are most often used. 
A distinctive feature of interpreting and predictive expert systems 

for industrial facilities is that they use not symbolic representations 
of the interpreted object, but data directly obtained from sensors of 

physical quantities, which can be noisy, erroneous, or insufficient 
for classical methods of identification and forecasting.  

The identifiable technological states of different levels are: the 

scheme of mineral resource extraction, the mode of excavator 
operation (duty cycle, auxiliary work, and others), the basic 

operations performed in the current excavation cycle (digging, 
transporting a loaded and empty bucket, unloading, moving the 

excavator, etc.). At the stage of operation identifying modes, the 
behaviour of the object is interpreted depending on time and on the 

context, i.e. from a previously identified technological state of a 
higher level. 

3. Solution of the examined problem
Taking into account modern approaches to solving identification
problems, it is advisable to use the apparatus of neural networks for

this task.

The dynamics of the system can be described by the equation (1):
𝑆 = 𝐹 𝑆, 𝑢, 𝜀, 𝑓, 𝑡 , 𝑆 𝑡0 = 𝑆0, (1)

where S is the vector of states, u is the vector of control actions, ε is

the vector of electromechanical system changing parameters, f is the

function of external disturbances (which are determined by the mass 

of the soil in the bucket), S_0 is the initial state. 
The vector of technological states of the excavator in the general 

case is as follows (2): 

𝑆 = {𝑆1 ,𝑆2 , 𝑆3 , 𝑆4}, (2)
where S1 is for digging operation, S2 is for loaded bucket transfer, 
S3 is for empty bucket transfer, S4 is for unloading operation. In the 

classical approach to defining work cycles, the sequence 𝑆1 → 𝑆2 →
𝑆4 → 𝑆3 is the main (duty) cycle, and any deviation from this

sequence is auxiliary work. 
However, based on the study of the excavation process, calculating 

the cycle according to the sequence 𝑆1 → 𝑆2 → 𝑆4 is also

appropriate. since, despite the fact that after unloading auxiliary 
operation may follow, the cycle in fact at this stage is already 

completed. 
In addition, sometimes in case of insufficient filling of the bucket, 

an additional digging operation (additional loading of the bucket) is 

used, which can lead to a change in the sequence to 𝑆1 → 𝑆1 →

𝑆2 → 𝑆4 or 𝑆1 → 𝑆2 → 𝑆1 → 𝑆2 →  𝑆4, and should still be defined as
main (duty) cycle. In general, the digging operation (S_1) is 

determined by the following characteristics: the angles of the swing 
drive are minimal and lie within ± 5 ° -10 °, the traction drive 

current varies in the range from the nominal to the stopping one, 

which is characterized by significant fluctuations, the hoist drive 
current is within the range ± 0.1-0.2 nominal. Electrical coordinates 

directly affect mechanical coordinates: the drive current determines 
the force, and the voltage determines the speed. Displacement is 

defined as an integral indicator of speed. The transfer operations 
(S2,S3)  are primarily determined based on geometric coordinates 

which are the angle and height of the bucket position. Unload ing 
(S4) is characterized by jumps in the current coordinates, as well as 

by the geometric coordinates of the bucket (in this case, it is 

necessary to determine the coefficients a priori individually for each 
excavator). With the high complexity of determining the unloading 

state by analyzing the coordinates of the drives, this state is 
extremely easy to identify visually.  

The proposed approach to the direct determination of the bucket 
coordinates and geometry, based on the pattern recognition method, 

allows to significantly simplify the model. This method involves the 
use of a neural network trained to recognize the excavator bucket in 

real time in the video stream, as well as the distance to the bucket 

and its position in space. 
Obtaining accurate and consistent information about the current 

coordinates of the bucket, in fact, allows you to determine the main 
characteristics of the mechanical system of the excavator. If x is the 

current coordinate of the bucket center of forces, then (3): 

𝑉 =
𝑑𝑥

𝑑𝑡
; 
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𝑎 =
𝑑𝑥

𝑑𝑡2
; 

𝑟 = 𝑑𝑥 ∙ 𝑑𝑡,  (3) 

where V is speed, a is acceleration, r is distance. 
Also, this neural network can be trained to identify the external 

environment - the face and the unloading zone (dump or dump truck 

into which unloading is carried out). 
In accordance with (1), to determine the technological state of the 

excavator with this approach, it is planned to use the vector ε of the 
parameters of the electromechanical system as the input parameters 

of the neural network, the vector f of external influences and the 
vector x of the geometrical coordinates of the bucket, on the hidden 

layer - a number of sigmoid functions , according to the set of 

parameters that determine a particular technological state, and it is 
also necessary to add a loop between the states to the network, since 

the previous state is also an input parameter for the system. Next, it 
is necessary to place the weights for the parameters in a random 

way, and by means of back propagation of the error, train the 
network on a sufficient sample. In this case, the network will 

determine the state the more accurately the longer it functions. A 
schematic diagram of a neural network is shown in Figure 1.  

 

 
Fig. 1. Principal schematic diagram of the proposed neural 

network 

In Figure 2, the sigmoids 𝑆1 ,𝑆2 , 𝑆3 ,𝑆4 located on the hidden layer of 

the network return the probability of the corresponding state in the 
range from 0 to 1, and the sigmoid C - a useful cycle or an auxiliary 

one ({1; 0}). 
 

4. Results and discussion 
The first tests of the developed neural network at the UralAsbest 

enterprise on the EKG-8I excavator showed high accuracy of object 

recognition, including poor visibility conditions tests (which is 
clearly seen in Figures 2 and 3). In this implementation, we used the 

OpenCV library for pattern recognition, TensorFlow for training the 
network, and labelImg for marking frames, and the software 

implementation of the algorithms was made in Python version 3.6. 
The video stream came from two Xiaomi YI Car Cam DVRs 

installed on the sides of the excavator driver's cab from the inside. 
The frames shown in Figures 2 and 3 are data processing from the 

first camera. 

According to the test results, it was determined that the installation 
of cameras inside the cab is not an optimal solution for the EKG-8I 

excavator, since, firstly, in low temperatures outside the excavator, 
the glass in the cab constantly fogs up, which reduces visibility, and 

secondly, there is not a single position in which the cameras could 
be placed in such a way that the entire bucket, and in particular its 

teeth, could be observed. The need to see the bucket teeth is 
associated with the task of monitoring their integrity, which falls on 

the excavator operator. For example, a bucket tooth caught in a 

cone crusher is a common cause of failure. For the subsequent 
contouring of the bucket and determining the integrity of its teeth, 

for the EKG-8I excavator, due to its design features, it will be 
advisable to use outboard rods for attaching cameras to the outer 

part of the driver's cab. 
 

 
Fig. 2. Result of excavator bucket (bucket) and dump truck (truck) 

recognition under conditions of normal visibility 

 
Fig. 3. Result of excavator bucket (bucket) and dump truck (truck) 

recognition in poor visibility conditions of normal visibility 

 
To determine the current coordinates and geometry of the bucket, 

processing separate streams from two video cameras is not enough: 
it is necessary to use stereo vision algorithms. To do this, having a 

couple of calibrated cameras, we can build a depth map based on 
the images obtained from them. Depth cameras (such as Intel 

RealSense or Microsoft Kinect) are often used to build depth maps, 

however, existing devices have a significant drawback that makes 
them inapplicable for the task at hand - these are depth ranges and 

maximum effective distance, which, as a rule, are not exceeds 10 m, 
while the EKG-8I bucket in the extreme position of the boom 

extension relative to the camera installed in the cab is located at a 
distance of more than 30 m. The solution in this case can be the use 

of laser rangefinders or the construction of a depth map based on 
two calibrated cameras, images from which are stereo pairs. 

The principle of constructing a depth map using a stereopair is as 

follows (see Figure 4): video streams are cropped, and two images 
are rectified relative to each other at one point in time, after which 

for each point (x0, y0) of an image from one camera on the epipolar 
line paired point (x0-d, y0) on the image from the other (where d is 

the offset), after which the depth value is calculated, which is 
inversely proportional to the offset, that is (4): 
𝑇−𝑑

𝑍−𝑓
=

𝑇

𝑍
→ 𝑍 =

𝑓𝑇

𝑑
,  (4) 

where T is the distance between the cameras, Z is the depth, f is the 

distance from the camera to the epipolar line. As can be seen from 
the formula, the usage of this method for constructing a depth map 

gives more accurate values at small distances and loses accuracy 
with increasing image depth, which is associated with the inverse 

relationship of depth and displacement (examples of building depth 
maps and indicators of their accuracy can be considered based on 

research [9 -12]). 

 
Fig. 4. To depth map calculation 
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The depth map obtained based on the algorithm described above 
using the Stereo SGBM function of the OpenCV library is shown in 

Figure 5. 
 

 
Fig. 5. Stereo-based depth map 

Since the distances from the driver's cab (and cameras installed on 
its frames) to the extreme point of the EKG-8I excavator bucket 

seem to be significant - from about 5 to 35 meters, the bucket 
coordinates and geometry calculated on the basis of this depth map 

will have an error of about 5-10%, which does not allow effective 
use of this technique for accurate calculations. However, it is 

possible to increase the accuracy of calculations by calibrating 
using a depth map built by a laser tacheometer, as well as using 

geometric calculations, since we know the real physical dimensions, 

for example, of an excavator bucket. 
The bucket coordinates, which are processed by the neural network 

to determine the technological state, must correspond to the center 
of the bucket forces, while the coordinates obtained using the depth 

map are the coordinates of the point closest to the cameras on the 
bucket surface, therefore geometric calculations must be used to 

determine the point C(x1, y1). The principle of calculating the 

coordinates is shown in Figure 6 and is based on the technique 
proposed in [8], with the difference that the system also has a Z 

value - the distance from the cab to the bucket (image depth). 
In Figure 6, C(x1, y1) is the center of bucket forces in the coordinate 

system, the origin of which is the intersection of the handle and 
boom (used in the neural network for identifying technological 

operations), L is the handle reach, B is the angle between the handle 
and the boom, (x2, y2) is coordinate system with the origin at the 

base of the boom (this coordinate system is used for automated 

control and optimization tasks). Point C coordinates are calculated 
in different coordinate systems based on offsets. 

 

 
Fig. 6. To calculation of bucket mass center coordinates 

 

The bucket coordinates calculated on the basis of this technique 
determined the vector x for the neural network (1). According to the 

test results, the neural network showed an accuracy of 95% in 
determining the technological state and an accuracy of 100% in 

determining main and auxiliary work cycles. 
 

 

5. Conclusion 
Initial tests of the system for identifying the single-bucket excavators 
technological state on the EKG-8I excavator showed the applicability of 

the proposed method, as well as the possibility of its refinement to 
improve the accuracy of identification through training on depth maps 
built using a laser tacheometer station. Also, increasing the accuracy of 

calculations is possible through further training of the neural network. 
Neural network training is also possible on other samples, for example, 

on video streams from other excavators. It also requires experiments to 
install cameras on outrigger rods on the excavator driver's cab. 
In general, the proposed technique opens up new perspectives for 

building control systems and optimization of excavator drives, as well 
as control systems, monitoring and control of mining enterprises in 
general.  
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