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Abstract

In this paper, we conducted a study that utilizes deep learning to calculate appropriate physical exercise 

information when basic human factors such as sex, age, height, and weight of users come in. To apply deep 

learning, a method was applied to calculate the amount of fat needed to calculate the amount of one 

repetition maximum by utilizing the structure of the basic Deep Neural Network. By applying Accuracy

improvement methods such as Relu, Weight initialization, and Dropout to existing deep learning structures, 

we have improved Accuracy to derive a lean body weight that is closer to actual results. In addition, the 

results were derived by applying a formula for calculating the one repetition maximum load on upper and 

lower body movements for use in actual physical exercise. If studies continue, such as the way they are 

applied in this paper, they will be able to suggest effective physical exercise options for different conditions 

as well as conditions for users.
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1. Introduction

From the past to the present, people's interest in health has always been high and efforts to take care of 

their health have continued. People have been applying diet control, physical improvement, and so on to stay 

healthy. Among other things, physical exercise can directly affect one's health through human physical 

activity and there are various institutions for physical exercise [1]. Health care devices handled by various 

agencies are mostly weight-related exercise devices, which are primarily managed by professionals such as 

trainers. Trainers care make it easy for users to exercise but trainers must pay a significant amount of money

and have a limited number of people to manage, making them less efficient. However, if you exercise alone 

without the help of a trainer, you don't know how much weight you can lift. To solve this problem, we want 

to use deep learning in all fields to calculate One Repetition Maximum (1RM) according to the user's 

personality, gender, age, height, and weight to efficiently provide exercise information according to the 

user's physical condition [2, 3]. 

The composition of this paper is as follows. Chapter 2 describes deep learning methods and improvements 
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in Accuracy, and Chapter 3 describes how to derive 1RM using deep learning results and the actual 

simulation results and concludes in Chapter 4.

2. Deep Learning Methods and Accuracy Improvement

If an equation exists, it is easy to identify the result by substituting it for the equation. However, it is 

difficult to create an equation when it is a set of values that are not distinctly correlated. In order to solve this 

problem, a deep learning algorithm was applied. A deep learning algorithm is used mainly for a complex set 

of data as iterative learning allows nonlinear values that are difficult to convert into equations to be modelled. 

The deep learning algorithm applied is a Deep Neural Network (DNN), and the DNN algorithm is one of the 

deep learning techniques that can classify input data through deep neural Networks and represent nonlinear 

relationships [4].

2.1 DNN Algorithm

The DNN algorithm consists of multiple nodes and learns with a set of nodes as a layer. Each node 

consists of an activation function, weight, and bias as show in Figure 1. In Figure 1, weight represents the 

influence of the input signal on the next layer, and Bias represents the threshold for learning [5]. For 

activation functions, various functions exist, but generally use the sigmoid function. The sigmoid function 

consists of Equation 1 [6]. 

Figure 1. Structure of node

f(σ) =
�

�����
                                (1)

The results of equation (1) have a result value between 0 and 1 and repeat learning as times as the number 

of layers [7]. When a layer is added, the first layer is classified as an input layer, the last layer as an output 

layer, and the other layer as a hidden layer. Each layer is made up of a set of nodes and the overall structure 

is show in Figure 2. If the classification is carried out only once, the initial Accuracy is low. That is why the 

learning process is necessary, and the learning is repeated so that Weight and Bias are closer to the actual 

value through repeated comparisons with the actual value.
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For learning to be close to the actual value, a function called Adamoptimizer is applied in deep learning. 

This function takes the difference between the results produced and the actual results in the form of the 

gradient and learns the value of the gradient close to zero each time the learning progresses [8].

Figure 2. Structure of Deep Neural Network

For deep learning, training data and test data are required to proceed with learning and evaluate learning 

results. For this purpose, the data collected by the national institutions of Korea were used. The data 

collected were based on 6,421 collection data including gender, age, height, weight, Body Mass Index (BMI) 

and body fat data. Since the collection data are generally divided into training data 7, test data 3, the data are 

used by 4495 training data and 1926 test data. In order to proceed with the learning process using the 

conditions set earlier, the learning cycle is 1ms and 100,000 times are performed, and the Accuracy is 

calculated. Figure3 shows 61% Accuracy as a result of learning.

Figure 3. Result of learning to using sigmoid function
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2.2 Accuracy Improvement procedure of deep learning results

Although learning has produced an Accuracy of about 61%, its Accuracy is very low in deep learning, so 

we have applied techniques to improve Accuracy. Improving of Accuracy, we choose three Accuracy

improvement procedure.

2.2.1 Relu Function step

Because the sigmoid function produces values close to zero and one, cumulative values of near zero 

produce results that are very smaller than the initial value, which can lead to vanishing gradients. To solve 

this problem, the relu function has been applied. The relu function is a function that reduces the phenomenon 

of being close to zero by outputting a positive value, unlike the sigmoid function, which traditionally 

produces results close to zero and one, as show in Figure 4. The relu function helps to resolve the vanishing 

gradient because the value close to zero is calculated relatively small [9].

Figure 4. Different of sigmoid and relu function

2.2.2 Weight Initialization step

Like relu, weight initialization is effective in resolving vanishing gradient and helps ensure that the result 

of the relu function does not go to infinity. For weight initialization, HE initialization is applied [10]. When 

using HE initialization, you can see that the data results are alike as show in Figure 5. If weighting 

initialization is used, the problem of vanishing gradient as the deep learning progresses is solved by resetting 

the applied function value for each learning.

Figure 5. Result of applying HE initialization to Relu function
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2.2.3 Dropout step

If you proceed with learning through AdamOptimizer, you may encounter over-fitting problems as show 

in Figure 6. Over-fitting Overfit problems occur when learning is too much. If these problems occur, the 

Accuracy of learning will be reduced. To prevent this phenomenon, dropout method was applied [11]. The 

dropout approach can reduce over-fitting by removing the weighting data at any rate as the learning 

progresses as show in figure 7.

Figure 6. Overfitting problem

Figure 7. (a) Before Dropout, (b) After Dropout

With the three methods described previously, we can see that under the same learning conditions, we have 

96% Accuracy as show in Figure 8. When compared to the actual results, you can see that almost similar 

results are produced as show in Figure 9. The results from both illustrations show that Accuracy can be 

improved from 61% to 96% using Accuracy techniques.
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Figure 8. Result of applying Accuracy improvement techniques

Figure 9. Deep learning output and actual value

3.1 RM calculation method

The results with an Accuracy of about 96% were produced by the previous technique of improving the 

Accuracy of deep learning, but additional computational processes are required to apply to the physical 

fitness. To solve this problem, a study was conducted on how to calculate the amount of exercise as a result 

of deep learning. A relational expression was applied to calculate 1RM based on the calculated lean body 

mass value for the purpose of applying the results obtained through deep learning. The applied expression is 

organized in Table 1 and represents the 1RM equation for the bench press, squat, supported row, and leg 

press [12].

Table 1. 1RM calculation formula by type of exercise using lean body mass

Exercise Lean body mass to 1RM

Bench press y = 1.152x − 12.05

Squat y = 2.395x − 45.2
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Supported row y = 0.987x − 4.3

Leg press y = 3.998x − 6.12

In the equation in Table 1, x is the level of the lean body mass content minus the amount of fat from the 

weight, and when the formula is applied, 1RM can be calculated according to the type of exercise. The 

calculated 1RM for each type of motion can provide weight and number of times by applying a certain 

percentage according to the user's exercise purpose.

Table 2. Percentage of 1RM according to the purpose of exercise

Variable
Training goal

Strength Power Hypertrophy Endurance Speed

Load (% of 1RM) 90-80 60-45 80-60 60-40 30

Reps per set 1-5 1-5 6-12 13-60 1-5

Sets per exercise 4-7 3-5 4-8 2-4 3-5

Rest between sets(mins) 2-6 2-6 2-3 1-2 2-5

Duration (seconds per set) 5-10 4-8 20-60 80-150 20-40

Speed per rep (% of max) 60-100 90-100 60-90 60-80 100

Training sessions per week 3-6 3-6 5-7 8-14 3-6

The results produced by the equations in Table 1 are intended to be used for actual exercise with a certain 

percentage of 1RM for exercise purposes, and the ratio of 1RM for exercise purposes is show in Table 2. The 

criteria for dividing exercise objectives are divided into three categories: increased muscle mass, weight 

retention, and diet that can be viewed for the purpose of exercise and adjusted the ratio and number of 1RMs 

applied to a single activity for each purpose. Examples of applying two tables are as follows. If a man with a 

lean body mass of 70 kg conducts a bench press for muscle strength improves, a value of 1RM is calculated 

to be about 69 kg and applying the ratio for muscle strength improves, 59 kg is calculated.

4. Conclusion

In this paper, three Accuracy improvement techniques and methods of applying learning results to exercise 

were conducted in order to derive and utilize the correct 1RM. To improve Accuracy, the vanishing gradient 

a problem of the existing sigmoid function was resolved by resetting the relu function and weights, and the 

dropout was applied to prevent over conformity. To apply the Accuracy improvement technique, 6,421 

people with various physical conditions were studied 100,000 times to produce a lean body mass, resulting in 

96% Accuracy. To take advantage of the learned results, we applied an expression to calculate 1RM for each 

type of motion with a lean body mass and applied data on how much weight and number of repetitions 

should have during 1RM depending on the purpose of exercise to provide more specific exercise information 

to the users. If this study continues, it will be able to provide a more efficient exercise method for human 

physical fitness based on the results learned.
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