
Advances in Nano Research, Vol. 14, No. 6 (2023) 527-539 
https://doi.org/10.12989/anr.2023.14.6.527 

Copyright ©  2023 Techno-Press, Ltd. 
http://www.techno-press.org/?journal=journal=anr&subpage=5                                                  ISSN: 2287-237X (Print), 2287-2388 (Online) 

 
1. Introduction 
 

Energy consumption during intensive sports is a major 

concerns for athletes and coaches in arranging exercises and 

food programs (Dai et al. 2023a, b, Peng et al. 2023, 

Sabzevari et al. 2023, Shariati et al. 2023, Xiang et al. 

2023, Yang et al. 2023, Zhang et al. 2023, Zhao et al. 2023, 

Zheng et al. 2023). During the intensive actual sport during 

actual matches is a complex issue in contrast to controlled 

laboratory conditions due to unpredictable actions and 

movements. In combat sports, the condition is more 

complicated since the movement are totally based on the 

rival actions (Fazaeli et al. 2016, Habibi et al. 2017, 2019a, 

c, Safarpour et al. 2018, 2019b, 2020, Alipour et al. 2020, 

Ebrahimi et al. 2020a, Ghazanfari et al. 2020, Chen et al. 

2022). Therefore, the conditions are totally different in 

laboratory with actual confrontation in a match (Silva et al. 

2021). On the other hand, online monitoring of activity 

condition is not possible due to limitations in measuring 

devices. Thus, the role of wearable measuring and analysis 

devices having capability of saving data or online 

transferring data are extremely important specifically if 

these devices are light-weight and comfortable. The size 

and weight of these devices should allow athletes to 

perform their movements with minimal influence from 

these devices. Wearable measuring device based on nano-

technologies are found to be advantageous in such 

applications (Habibi et al. 2016, 2018a, b, Ebrahimi et al. 

2019a, Esmailpoor Hajilak et al. 2019, Habibi et al. 2019b, 

d, e, Pourjabari et al. 2019, Safarpour et al. 2019a, Zhu et 

al. 2022, Dai et al. 2023b, Zheng et al. 2023). 
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Nanotechnology-based devices facilitates several aspects 

of our daily lives in comparison to decades ago (Ebrahimi et 

al. 2019b, c, Hashemi et al. 2019, Moayedi et al. 2019, 

2020a, b, Mohammadgholiha et al. 2019, Mohammadi et al. 

2019, Ebrahimi et al. 2020b, Habibi et al. 2020, Shariati et 

al. 2020a, b, Oyarhossein et al. 2020, Shokrgozar et al. 

2020). The very first applications of nano-structured 

materials were found in composite material for the aim of 

structural applications. Other than extraordinary mechanical 

properties of nano-structures, thermal and electrical 

properties have been also the center of attentions for many 

years (Hashemi et al. 2019, Bai et al. 2020, Cheshmeh et al. 

2020, Li et al. 2020a, Lori et al. 2020, Najaafi et al. 2020, 

Shariati et al. 2020c, Xiong et al. 2020, Guo et al. 2021b, 

Liu et al. 2021a). Thermal and electrical conductivity of 

nano-structures could be altered with slight changes in its 

structure from literally superconductive to semi-conductive 

and to nonconductive electrical structures. The same fact is 

applicable to thermal properties (Liu et al. 2020a, Wang et 

al. 2020, Zhou et al. 2020, Dai et al. 2021a, Guo et al. 

2021a, Shao et al. 2021, Wu and Habibi 2021, Kong et al. 

2022). From the beginning of recognizing astonishing 

properties of nano-materials, their utilization in different 

applications specifically in sensor designs (Adamian et al. 

2020, Li et al. 2020b, Liu et al. 2020b, 2021b, Zare et al. 

2020, Dai et al. 2021b, Habibi et al. 2021, He et al. 2021, 

Huang et al. 2021a, Zhang et al. 2021). 

Due to their small-scale and light weight, nano-sensors 

have utilized in wearable sensor devices in different 

application. Health monitoring wearable sensor are widely 

being used nowadays for continuous checking the health 

state of patients (Wolbring and Leopatra 2013, Arai 2014, 

Fang et al. 2014). One another application, as mentioned 

above, is to measure energy consumption during exercises 

(Rossetto et al. 2012, RajaPavan et al. 2017). However, the 

applicability and accuracy of data from these devices are 
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not fully understood and even their methods of 

measurements may be controversial. Nonetheless, these 

small wearable devices are used prevalently by amateur and 

even professional athletes to monitor their activity. 

During exercises the heart rate increases and fluctuates 

depending on the level of intensiveness of the exercise. This 

parameter has been an appropriate measure for evaluating 

calorie burn in body in continuous exercises (Achten and 

Jeukendrup 2003). However, during an intermittent 

competitive match, it will result in totally different results 

with continuous treadmill experiment. (Silva et al. 2021). 

Silva et al. (2021) simulated futsal game to compare energy 

expenditure (EE) and volume of consumed oxygen (𝑉𝑂2) 

with treadmill measurements. They found that there is 

significant difference between the results from laboratory 

measurements from those obtained in simulated games. It 

was discussed that anaerobic energy expenditure is a 

parameter which is less considered in the treadmill 

measurements while in a real match these energies could be 

accountable for almost 10% of energy expenditure. Compos 

et al. (2012) considered the energy consumption during a 

simulated Taekwondo combat taking into account effects of 

aerobic and anaerobic energy expenditure. They examined 

10 Taekwondo athletes to measure oxygen consumption 

and evaluate energy expenditure. They found that the 

portion of alactic energy is near 45% of the aerobic energy 

expenditure. Therefore, it was suggested that specific 

attention should be paid to anaerobic energy consumption 

on combats. Beato et al. (2016) considered the recreational 

futsal matches as a way to improve public health. They 

measured the energy expenditure during recreational futsal 

match between 15 male participants. The total energy 

expenditure in a game was obtained to be near 630 kcal. 

This amount of energy is approximately equal to half of 

recommended energy burn in a week. Therefore, they 

suggested that two recreational match per week could aid 

public health status. It should be noted that energy 

expenditure was calculated using heart rate and 𝑉𝑂2  in 

their analyses. Effect of ambient temperature during 

exercise could not be neglected as explored in a study by 

Kriemler et al. (2002). They found that neglecting ambient 

temperature effect on the heart rate could results in near 3% 

of overestimation of EE using relations based on HR and 

𝑉𝑂2 only. It is noteworthy that the mentioned study was 

based on daily life of a specific group. Therefore, their 

estimation for intensive exercises should be used with 

caution. Slimani et al. (2018) reviewed the heart rate 

changes in combat sports during both official and simulated 

matches. They found that HR increases significantly during 

the match regardless of the gender of the players. Moreover, 

Taekwondo was the most intensive combat sport among 

four sports considered in their review in term of increase in 

the HR. There are several studies on the energy expenditure 

in various situation in literature (Hou et al. 2021, Huang et 

al. 2021b, 2022, Jiao et al. 2021, Liu et al. 2021c, Ma et al. 

2021, Moradi et al. 2021, Xu et al. 2021, Zhao et al. 2021, 

Dong et al. 2022, Fan et al. 2022a, b, Hu et al. 2022, Luo et 

al. 2022a, b, Michael et al. 2022, Moradi et al. 2022, Wang 

et al. 2022a, b, 2023, Yang et al. 2022a, b, Yu et al. 2022, 

Zhang et al. 2022, Zheng et al. 2022, Zhou et al. 2022a, b, 

Fang et al. 2023, Jin et al. 2023) Commercial devices for 

monitoring health status and energy expenditure are 

commonly used by athletes. However, there are limited 

published scientific studies shedding light on their 

reliability and accuracy. Wallén et al. (2012) examined one 

commercial wearable device to examine its accuracy in 

measuring heart rate variability in rest time. They claimed 

that the commercial device overestimated HR specifically 

in high HRs range. Gilgen-Ammann et al. (2021) studied 

the validation of HR and EE measurement during physical 

activity. They showed that all the investigated devices 

showed a satisfactory performance in monitoring HR. 

However, their capability in calculating EE was not 

acceptable. 

Measuring energy burn during intensive combat sport 

has been a challenging concern for a long time (Zhu et al. 

2017, Tao et al. 2021, Xu et al. 2022). In the present article, 

the energy consumption during combat sports is measured 

by use of wearable GoBe2 equipped with nano-technology 

measuring devices. In this regard, 12 professional combat 

athletes were asked to wear GoBe2 devices during different 

sessions of intensive combat exercises. The curves provided 

by GoBe2 nano-sensor devices are further collected and 

analyzed for different combat durations. On the other hand, 

energy consumption in these athlete are calculated using 

other validated methods to evaluate reliability of GoBe2 

wearable devices. Based on the results obtained from these 

experiments a multi-parameter mathematical model is 

presented for estimation of combat calorie consumptions.  
 

 

2. Methodology 

 
2.1 Wearable measuring device 

 
The wearable device selected for the present 

examination is GoBe2 by Healbe (Kreitmair 2019). A 

picture of this device is shown in Fig. 1. According to the 

official description of the device, this device uses a novel 

approach to measure calorie burn during activity by 

calculating change in skin impedance due to water outlet 

from the skin. Glucose produced from food eaten induce 

fluids to move to extracellular cells. Using their unique 

sensors, GoBe2 measure the calorie intake during 24 hours. 

Since, the fluid movement occurs hours after eating food, 

the instant measurement of calorie intake is impossible 

using this device. They claimed that the calorie intake 

measurement could reach 85% accuracy using this wearable 

device. However, the calorie consumption measurement is 

not clearly stated in the official documents while in the 

reports of the device applications calorie burn is also 

provided. Therefore, we aim to evaluate the accuracy of 

calorie consumption reported by GoBe2 in combat sport 

simulated matches. 

 

2.2 Participants 
 

In total, 10 boxing male athletes are asked to participate 

in the experiments in the present study. The participants had 

minimum 5 years continuous experience in the boxing. The  
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Fig. 1 GoBe2 wearable device from Healbe 

 

 

participants were informed about the procedure of the 

experiment and their signed consents were acquired. The 

age of the participants are 22 ± 4.3 years (mean ± standard 

deviation). The weight of the participants are 76 ± 9.2kg 

and their height were 181 ± 5.1cm. 

 
2.3 Experiments 

 

Two categories of experiments were devised to measure 

the EE, HR and 𝑉𝑂2 of the athletes (Fu et al. 2020, Guo et 

al. 2022, Huang et al. 2023). First, they were asked to 

perform a treadmill training started at 9km/h speed and 

gradually increase with the rate of 1km/h/min to reach the 

maximum ability of the athlete. Two parameters HR and 

𝑉𝑂2 were measured to obtain the linear regression relation 

between these two parameters. Simultaneously, the data 

acquired from GoBe2 were recorded. Second, simulated 

combat matches were performed wearing GoBe2 device 

and with actual measurement of HR and 𝑉𝑂2 to compare 

the results. Each match were conducted in total 10min with 

5 round of 2 min combat. The ambient temperature was 

between 26°C and 30°C. The calorie combustion of the 

athletes were calculated using the following formula: 

𝐸𝐸 =
𝑇

4.184
(0.6309 × 𝐻𝑅 + 0.1988 ×𝑊 

−0.2018 × 𝐴𝑔𝑒 − 55.0969) 
(1) 

where, 𝑇 stands for time duration of exercise and 𝑊 is 

the weight of the athlete. 

 

 

3. Results 
 
3.1 Calorie consumption evaluations 

 

The correlation between HR and 𝑉𝑂2  are measured 

using treadmill exercise for all 10 athletes and the results 

for four selected athletes are presented in Fig. 2 to have an 

insight into the relations. The linear regression between HR 

and 𝑉𝑂2 shows 𝑉𝑂2 = 0.359𝐻𝑅 − 11.3 for all athletes. 

This linear relation will be utilized in all the next analyses. 

It is worth mentioning that the relations are seemed to be 

slightly nonlinear as in the high HRs the rate of 𝑉𝑂2 

decreased to some level which may be correspond to the 

gaining maximum 𝑉𝑂2. 

 

 

 

 

Fig. 2 Correlation between HR and 𝑉𝑂2  in treadmill 

exercise for four sample athletes 

 
 
On the other hand, in the simulated combat match, the 

relation between HR and 𝑉𝑂2 measurements were more 

diverse with correlation factor not exceeding 𝑅2 = 0.46, as 

shown in Fig. 3, in comparison to the correlation factor of 

treadmill exercise which has a minimum value of 𝑅2 =
0.87. Therefore, there is a significant difference between 

actual match and treadmill exercise measurements in 

laboratory. 
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Fig. 3 Correlation between HR and 𝑉𝑂2  in simulated 

combat match for four sample athletes 

 

 

All the data acquired from the athletes are gathered in 

one graph in Fig. 4 for both treadmill exercise and 

simulated combat match. As seen, an obvious nonlinearity 

is observed in the correlation between HR and 𝑉𝑂2  in 

treadmill exercise. On the other hand, the simulated combat 

match data shows a considerably diverse results which may 

be correspond change in HR rate due to stress level and 

dehydration. 

 

 

Fig. 4 Correlation between HR and 𝑉𝑂2 in (a) treadmill 

exercise (b) simulated combat match 
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Fig. 5 HR and corresponding calculated 𝑉𝑂2  during 

simulated combat math for 10mim (600sec) time interval 

for four sample athletes.  
 

 

Heart rate measurement during simulated combat match 

shows the intermittent nature of the combat exercise in 

contrast to treadmill exercise. As can be observed in Fig. 5, 

the heart rate change during combat could be very acute and 

change rapidly. Using the linear relation between HR and 

𝑉𝑂2 , curves of oxygen consumption is also depicted in 

these graphs for four sample athletes. 

The main aim the present study is to compare the results 

of calorie consumption as reported by GoBe2 wearable 

device with the actual measurements and calculations. This 

comparison is demonstrated in Fig. 6 for four sample 

athletes. As seen the result from GoBe2 is far smoother than 

the actual measured values possibly indicating an averaging 

algorithm using by the device application to provide only 

the trend of the calorie burn during exercise. Nonetheless, 

the provided curves by GoBe2 wearable device show 

acceptable agreement in following energy consumption 

with respect to indicating minimum and maximum point 

quite accurately. However, the values of the maximum and 

minimum values differ from those provided by actual 

measurements. In most cases, the absolute values of GoBe2 

is lower than measured. On another interesting fact about 

these curves is the measure of total energy expenditure 

during 10min which is overestimated by approximately 40% 

higher in comparison to the actual measurements. Therefore, 

caution should be exercised in using the data from this 

device in the case of calorie burned during exercise and 

double checking using another methods are recommended 

in the case of sensitive evaluations. 

 

3.2 Artificial neural network as a new path for calorie 
consumption calculations 

 

As mentioned above, linear regression could not 

appropriately reflect the 𝑉𝑂2  parameter and calorie 

expenditure. On the other hand, there are several parameters 

affecting the condition of Energy expenditure in different 

exercises which may having extremely nonlinear influences. 

Therefore, using linear or even nonlinear regression could 

present inaccurate results. Artificial neural networks (ANNs) 

(Khanouki et al. 2016, Shah et al. 2015, 2016a, b, Shariati 

et al. 2018, 2020e, Mohammadhassani et al. 2013, 2014, 

Naghipour et al. 2020, Heydari and Shariati 2018, Chen et 

al. 2019, Luo et al. 2019, Xie et al. 2019, Razavian et al. 

 

 

 

 

Fig. 6 Energy expenditure as calculated using laboratory 

devices as compared to data reported by GoBe2 for four 

sample athletes 

 

 

2020) have been proven to provide astonishing accurate 

results in complex problems with results couldn’t be 

predicted with simple regression procedure. This method 

could be used in different fields of engineering and science 

as well as health care system. In this section we aim to 

present a designed ANN for predicting calorie consumption 

during an aerobic exercise from different information of the 

athlete and exercise intensity (Safa et al. 2019, Shariati et al. 

2019a, 2020d, f, Suhatril et al. 2019, Jahandari et al. 2021).  

The designed network is shown in Fig. 7 with 4 layers 

hidden layers. The input data is a set of various parameter  
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Fig. 7 Designed ANN for calculating calorie consumption 

in an exercise 

 

 
(a) 

 
(b) 

Fig. 8 (a) Artificial neural network training and validation 

error margin. (b) Predicted calorie consumptions in 

comparison to experimental results 

 

 

of gender, heart rate, weight, age and exercise duration time. 

The output is the calorie consumption. 

The ANN requires a set of data achieved from valid 

sources similar to experimental results or simulations to 

train the network. Training of a network is adjusting the 

ANN parameters, i.e., weights and biases, in each node for 

the purpose of obtaining minimum error between predicted 

values and actual values provided. This process requires 

several iterations to achieve minimum possible error. The 

nature of the ANNs are so that with given data they could 

reach error values f extremely low value. However, the low 

errors in training process are not an indication of 

satisfactory performance of the ANNs (Shariati 2008, 

Hamidian et al. 2011, Shariati et al. 2011, 2018, 2019b, 

2020e, Shah et al. 2015, 2016a, b, Khanouki et al. 2016, 

Toghroli et al. 2017, 2018, Chen et al. 2019, Li et al. 2019, 

Naghipour et al. 2020, Razavian et al. 2020, Toghroli et al. 

2020, Hosseini and Toghroli 2021, Mehrabi et al. 2021). 

This low error value may be a result of overfitting data. The  

 
(a) 

 
(b) 

 
(c) 

Fig. 9 Predictions of the calorie consumptions by the 

trained ANN as function of athlete conditions and HR 

 

 

simple meaning of overfitting is that the network could 

perform satisfactory only with provided data for training 

and any new set of data could have larger error margin. 

Therefore, in a process called validation the amount of error 

for a subset of provided data is evaluated to observe the 

point in which the training process begins to overfit the 

data. 

For the present study, in total 144 set of physical data of 

the athletes are provided as validated data to the neural 

network. 24 of the data were reserved for testing network 

performance. From remaining data sets, 100 sets used for 

the purpose of training and 20 set for validation process. 

The results of these procedure is demonstrated in Fig. 8. Fig. 

8(a) shows the training and validation errors with respect to 

epochs. As observed, in 11000 epochs the error of the 

calorie consumption predicted by ANN begins to increase 

indicating overfitting of the network in upcoming epochs. 
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Therefore, the trained network in 11000 epoch is saved and 

utilized in further steps. 

Fig. 8(b) shows the correlations between predicted 

values of calorie consumption as predicted by ANN and 

provided by actual measurements and calculations. The 

correlation factor for fro training values is 𝑅2 = 0.854 and 

for testing values is 𝑅2 = 0.832 which is acceptable in the 

case of such complicated relations between different values. 

Therefore, the trained network could be confidently utilized 

in prediction of calorie consumption during exercises. 

In Fig. 9, effects of different parameters on the calorie 

consumption are presented as function of HR. Fig. 9(a) 

shows the effect of training time on the calorie burnt in 

exercise for different values of average heart rate. A 

nonlinear behavior calorie consumption with respect to HR 

is seen in all curves with decreasing rate of calorie 

consumption as HR increases. This result is interesting 

because linear regression models could not be accurate for 

this behavior. In constant average heart rate rise in calorie 

consumption is seen with increase in time duration of 

exercise. This increase is more intensive in higher HRs. Fig. 

9(b) demonstrates the effects of weight of athletes on the 

calorie burn. It is seen that the effect of increase in mass is 

not as much as time of exercise. However, with increase in 

mass there is seen a slight increase in the calorie burn. The 

behavior of increase is independent from HR since in all 

values of HR the same amount of increase in calorie 

consumption is observed. Effect of age is depicted in Fig. 

9(c). There is a trivial effect of age observed in this graph. 

With increase in age from 15 to 30 year, only 3% decrease 

in calorie consumption is induced keeping all other 

parameters constant. 

 

 

4. Conclusions 

 

Measuring energy burn during intensive combat sport 

has been a challenging concern for a long time. In the 

present article, the energy consumption during combat 

sports is measured by use of wearable GoBe2 equipped 

with nano-technology measuring devices. In this regard, 12 

professional combat athletes were asked to wear GoBe2 

devices during different sessions of intensive combat 

exercises. The curves provided by GoBe2 nano-sensor 

devices are further collected and analyzed for different 

combat durations. On the other hand, energy consumption 

in these athlete are calculated using other validated methods 

to evaluate reliability of GoBe2 wearable devices. Based on 

the results obtained from these experiments a multi-

parameter mathematical model is presented for estimation 

of combat calorie consumptions. The main results of the 

present study could be encapsulated as below: 

• The provided curves by GoBe2 wearable device show 

acceptable agreement in following energy consumption 

with respect to indicating minimum and maximum point 

quite accurately. 

• There is a significant difference between actual match 

and treadmill exercise measurements. 

• ANN could be confidently utilized in prediction of 

calorie consumption during exercises. 

• Total energy expenditure during 10min is overestimated 

using GoBe2 by approximately 40% higher in comparison 

to the actual measurements. 
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