
Description
Title of Invention: Method for assessing physical fatigue

Technical Field
The invention relates to the field of analysis and processing of biomedical signals, namely, to technical means for identifying the onset of physical fatigue and can be used to select a personal exercise program for the development or restoration of human motor activity in diseases accompanied by motor disorders, in such areas as rehabilitation (restorative medicine), traumatology and orthopedics, neurology, neurorehabilitation (postoperative rehabilitation), geriatrics, sports medicine, fitness and in industrial enterprises to predict accidents.
The claimed innovation can be used both in inpatients (outpatients) medical and rehabilitation facilities, and individually at home.
Purpose of the invention is the development of a method for assessing physical fatigue based on the use of inertial parameters of motor activity.
The Users of the invention will be able to objectively assess the moment of onset of physical fatigue, which will be the criterion for the end of a session of physical rehabilitation, sports training, or labor activity. The invention was created for practical integration with wearable electronic devices and mobile communications, which makes it available to a wide range of people.

Background Art
The invention is a continuation of the Eurasian patent No. 037467, which the author obtained earlier named "Device for the development and restoration of human motor activity" (application No. 201900166, issued on March 31, 2021).
The new invention can be used both in conjunction with the device described in patent No. 037467 and independently. In patent No. 037467, a device is described that includes a movable support frame, equipped with at least three wheels placed on it, a hand support, and a motion control system, characterized in that it is additionally equipped with an exoskeleton connected to the motion control system, consisting of at least, one pair of orthopedic modules, made with the possibility of coordinated fixation on the lower limbs of a person and connected to the motion control system by means of flexible links with the possibility of a controlled coordinated change in the length of each link in accordance with the specified position of the corresponding lower limb in space relative to the support frame, while the wheels are made and placed on the support frame with the ability to move on at least one surface selected from the surface located below the support frame and the surface located above the support frame.

Summary of Invention
The proposed method for assessing fatigue is a hardware-software complex that includes at least one device, which integrates at least one inertial sensor and a program for processing data received from the sensor.
The program can be installed on a personal computer or other external data processing device. In this case, data transmission from the device to the program is provided through wireless channels of information transmission.
The program can be installed on a mobile device, such as a phone or other wearable device that has its own inertial sensor.
The device is put on a part of the body and remains there for the whole duration of the subject's motor activity.
During the motor activity sensors generates acceleration waves and software algorithm calculates a few indicators which are the base for drawing octagons. Octagons are constructed consequently for three periods of motor activity.
Developed algorithm analyzes a square of each octagon area and physical fatigue is stated when a 5% increase is calculated.

Technical Problem
Physical fatigue often developed during high-intensity exercise, especially, in the case of a graded exercise treadmill protocol, an individual develops an overwhelming sensation which may be aptly described as the “I need to stop” phenomenon. Although this sensation is prevalent during maximal oxygen testing, the root cause has been heavily debated for years (1). It has been postulated that the mechanisms which initiate ultimate failure lie within one of 2 distinct camps: peripheral (encompassing skeletal muscle, including enzymatic, and mitochondrial function) (2) or central (pertaining to the cardiopulmonary system including heart, lungs, and blood) (3).
More recently, however, an additional hypothesis suggests that such maximal limitations may be located within the central nervous system (4) or another related central governor of the brain (5). Although conclusive evidence directly supports the notion that central or peripheral mechanisms limit maximal exercise, definitive research which establishes grounds for a central governor model has been heavily refuted. Since the early 1920s, Nobel laureate Archibald Vivian Hill's research on oxygen uptake during maximal intensity exercise (6) has proven to be a staple of the information which is taught today. Because this hallmark work was conducted in 1923, the root cause of maximal oxygen uptake (V̇o2max) has been routinely visited (7). Although nearly 100 years have passed, researchers have yet to pinpoint a single determining factor for fatigue during maximal exercise (8). 
Several methods for fatigue assessment have been proposed. Thus, the invention (Application number: WO2020CN109699 20200818) proposes a method for assessing fatigue based on a critical model that is built using an assessment of the dynamics of mental fatigue. The practical applicability of the invention is difficult due to the need to evaluate multiple parameters of brain activity.
In another invention (Application number CN202111174966 20170801), a technology is disclosed that allows you to assess the psychological state (for example, fatigue, mood, intention) of a person using personality identification techniques. The application of the method is associated with the confidentiality of personal data.
Also, in the patent (Application number CN20211185378 20210916) a method for assessing fatigue is described using methods for analyzing a plurality of initial images of the driver's position in a vehicle with identification of eye-opening and closing. The disadvantage of the method is the impossibility of its application during active physical activity. Another method for estimating driver fatigue is based on estimating handgrip forces (9).
The most relevant methods for assessing fatigue during human movements are methods using parameters of the respiratory and cardiovascular systems, for example, in the following invention (Application number CN202110641953 20210609), the indices of respiration and the heart rate index are determined, which allows remote monitoring of the physical condition of personnel in real-time. The method is not specific for assessing physical fatigue.
Thus, one of the most actual problems of physical fatigue detection is the applicability of methods based on non-invasive monitoring of human vital parameters relevant both for medical purposes and for other purposes related to life and professional activities. Physical activity parameters, in particular the frequency response of movements, are also vital parameters that have not yet been used in the assessment of fatigue.

Solution to Problem
The invention can be used alone or in combination with robotic systems that affect movement. The invention may be used as a program on its own or maybe installed on at least one other electronic device. The invention can be used on at least two different devices, one of which has the program installed and the other has at least one inertial sensor.
According to the usability information described above user (101) can wear at least one wearable unit (201) in which at least one inertial sensor (301) is integrated (302) together with software program (303). Inertial sensor (301) can be used as a separate unit (202) as well as software (303) can be installed (203) on another separate unit (204). All described above variances can be integrated with the robotic unit (205) that is connected directly (304) with the user (101).
Robotic unit (205) has sensors (305) integrated with at least one driver module of the robotic unit (205). When registering an increase in the load on the engines, a decrease in one's own muscle activity is established. This phenomenon predetermines the identification of fatigue and can be used together with described below algorithm. In this case, the algorithm for determining fatigue has the following sequence.
To identify fatigue (801), the user must perform a physical activity (102) for at least 24 minutes. All term of physical activity is divided (103) into three periods C1 (401), C2 (501), and C3 (601). When the user performing motor activity (102) analytic algorithm (701) according to output signals (702) that are coming from inertial sensors (301), as well as output signals (703) that are coming from sensors of the robotic driver (305) and installed software (303) by means of Fourier transformation (802) calculates three peak indicators of the frequency spectrum (803) of 1-5Hz, 6-10Hz and 11-15Hz with the calculation of the corresponding indicators: F1-5, F6-10, and F11-15.
The indicators F1-5, F6-10, and F11-15 are calculated every minute, sequentially for 8 minutes. This period is referred to as the diagnostic cycle as «C». Fatigue analysis is performed in three successive diagnostic cycles C1 (401), C2 (501), and C3 (601).
Thus, during one diagnostic cycle “C”, 24 parameters corresponding to three groups will be calculated:
	F1-51
F1-52
F1-53
F1-54
F1-55
F1-56
F1-57
F1-58
	F6-101
F6-102
F6-103
F6-104
F6-105
F6-106
F6-107
F6-108
	F11-151
F11-152
F11-153
F11-154
F11-155
F11-156
F11-157
F11-158


The calculated parameters are grouped (804) into three groups with the following reconstruction of octagons figures (805) by means of the “Radar” type pie chart (Fig.2). After that, the squares of the drawn octagons are calculated (806) for each group of parameters: S1, S2, S3 (Fig.3). These calculations are carried out for three consecutive diagnostic cycles C1, C2, and C3. During calculations, the following integral indicators are calculated:
	For the first diagnostic cycle C1:
	For the second diagnostic cycle C2:
	For the third diagnostic cycle C3:

	S1(C1)
S1(C2)
S1(C3)
	S2(C1)
S2(C2)
S2(C3)
	S3(C1)
S3(C2)
S2(C3)


Further, the received data are compared (807) in pairs:
a. S1(C1) с S2(C1)
b. S2(C1) с S3(C1)
c. S1(C2) с S2(C2)
d. S2(C2) с S3(C2)
e. S1(C3) с S2(C3)
f. S2(C3) с S2(C3)
If, in the case of comparison, there is a decrease in all indicators in the compared groups by more than 5%, then the development of fatigue is stated.

Advantageous Effects of Invention
Developed method for assessing physical fatigue involves the use of inertial sensors attached to a part of the human body from which the data analysis program receives a signal of acceleration and performs its frequency transformation with decomposition into three spectral bands with a frequency range of 1-5Hz, 6-10Hz and 11-15Hz, with subsequent data analysis, which is performed sequentially for 3 time cycles, with duration of 8 minutes for each, and the subsequent calculation for each cycle the squares of three figures corresponding to the spectral frequency bands 1-5Hz, 6-10Hz and 11-15Hz, which are calculated as the area of the figure obtained under the line of the graph of the distribution of frequency for 8 minutes, with a sampling rate of 30Hz and averaging over one minute, and the subsequent pairwise comparison of the results obtained (the data of the first cycle are compared with the data of the second, and data of the second with the third) at which, in the case of a decrease in indicators by 5% in each pair, the development of fatigue is identified. In this case, the invention can be used in conjunction with robotic devices that change a person's own physical activity. In this case, data on one's own muscle activity is used to assess fatigue. A decrease in their values together with the results of the developed algorithm also indicates the onset of fatigue.
Developed method for assessing physical fatigue is an improvement over existing technology by means of objectively assessing the moment of onset of physical fatigue, which will be the criterion for the end of a session of physical rehabilitation, sports training, or labor activity. The invention was created for practical integration with wearable electronic devices and mobile communications, which makes it available to a wide range of people.


Brief Description of Drawings
The invention is illustrated by three figures. The first figure shows a diagram of the invention revealing the logical connections that form the diagnostic algorithm. The second figure shows the indicators obtained as a result of frequency conversion of one cycle lasting 8 minutes for three groups of indicators related to 1-5, 6-10, and 11-15 Hz. The third figure shows the calculated areas of the obtained octagons drawn for one cycle.
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Fig.2
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Description of Embodiments

101 – User
102 – Physical Activity
103 – Physical Activity Dividing
201 – Wearing Unit With Inertial Sensor And Software
202 – Separate Unit With Inertial Sensor
203 – Software Installation
204 – Separate Unit With Software
205 – Robotic Unit
301 – Inertial Sensor
302 – Integration
303 – Software 
304 – Connection Robotic Unit And User
305 – Sensors Of Robotic Driver 
401 – First Diagnostic Period
501 – Second Diagnostic Period
601 – Third Diagnostic Period
701 – Analytic Algorithm
702 – Output Signals From Sensors
703 – Output Signals From Robotic Unit
801 – Fatigue Identification
802 – Fourier Transformation
803 – Indicators Of Frequency Spectrum 
804 – Grouping Of Indicators
805 – Reconstruction of octagon figures
806 – Calculation Of The Squares Of The Drawn Octagons
807 – Comparing Of Received Parameters

Examples


Industrial Applicability
 Invention can be used both in inpatients (outpatients) medical and rehabilitation facilities, and individually at home. Invention can be used in industrial enterprises. Invention can be used in rehabilitation (restorative medicine), traumatology and orthopedics, neurology, neurorehabilitation (postoperative rehabilitation), geriatrics, sports medicine, and fitness.
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Claims
Developed method for assessing physical fatigue involves the use of inertial sensors attached to a part of the human body from which the data analysis program receives a signal of acceleration and performs its frequency transformation with decomposition into three spectral bands with a frequency range of 1-5Hz, 6-10Hz and 11-15Hz, with subsequent data analysis, which is performed sequentially for 3 time cycles, with duration of 8 minutes for each, and the subsequent calculation for each cycle the squares of three figures corresponding to the spectral frequency bands 1-5Hz, 6-10Hz and 11-15Hz, which are calculated as the area of the figure obtained under the line of the graph of the distribution of frequency for 8 minutes, with a sampling rate of 30Hz and averaging over one minute, and the subsequent pairwise comparison of the results obtained (the data of the first cycle are compared with the data of the second, and data of the second with the third) at which, in the case of a decrease in indicators by 5% in each pair, the development of fatigue is identified. In this case, the invention can be used in conjunction with robotic devices that change a person's own physical activity. In this case, data on one's own muscle activity is used to assess fatigue. A decrease in their values together with the results of the developed algorithm also indicates the onset of fatigue.



Abstract
The invention relates to the field of analysis and processing of biomedical signals basically inertial parameters for identifying the onset of physical fatigue by means of frequency transformation and the following comparing obtained indicators of reconstructed octagons, that can be used to select a personal exercise program for the development or restoration of human motor activity in diseases accompanied by motor disorders, in such areas as rehabilitation (restorative medicine), traumatology and orthopedics, neurology, neurorehabilitation (postoperative rehabilitation), geriatrics, sports medicine, and fitness 
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