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II. EXERCISE AND HEART RATE MODEL 
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Fig 2.1. Heart rate during 22 minutes Tabata  interval training  
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reach heart rate 113 in 22
Tabata Interval Training Protocol 

III. TWO PHASES TO INCREASE THE AMOUNT OF WORK  
 FOR AN INTERVAL TRAINING PROTOCOL. 

 
Mizuo Mizuo et al. [10] denotes that rising heart rate 

curves have an exponential hyperbolic shape, and the falling 
heart rate curves are exponential when exercising.  
 
HR of the Rising Curve = Ae-βtsinh(ωt) + C  
HR of the Falling Curve = A(1-e-βt) + C  
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By modifying an already existing interval training method, 
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22 minutes Tabata Interval Trainin

Warm up  stepping on the stair per 0.75 second for 5 minutes 

6 set 
exercises  

6 x (stepping on the stair per 0.5 second for 20 seconds + 
10 seconds rest) 

Rest 1 minute rest 
6 set 
exercises  

6 x (stepping on the stair per 0.5 second for 20 seconds + 
10 seconds rest) 

Rest 1 minute rest 
6 set 
exercises  

6 x (stepping on the stair per 0.5 second for 20 seconds + 
10 seconds rest) 

Rest 1 minute rest 
Cool down  stepping on the stair per 0.75 second for 5 minutes 

Table 3.2.Uncontrolled Exercise Protocol for 10 data in Phase 1. 
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result which makes users exercise more without fatigue.  
  As data is accumulated in the data base, the decision tree 
obtained from phase 2 also can be updated. As mentioned, 
the decision tree will become more accurate as more data is 
accumulated in the data base. This means the decision tree 
will be modified and adapted, as the number of data 
increases.  
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Table 4.1 Information about individuals who participated in the modified 
Tabata interval training exercise 

 
Studies have shown that an individual's heart rate will 

return to a resting rate after 3 minutes.  And as such, in our 
experiments, individuals were asked to take a 3 minute break 
between the 5 different exercise sessions.  
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is from 1.36 to 22.73 percent. 
 

B. 22 minutes Interval Training
 

Individual #7 in table 4.1. parti
minute modified Tabata interval t
finished 10 sets of 22 minutes Tab
different conditions on different da

 
 

nd  ( The amount of work in the 1st phase is 
person follows conditons determined by 

J48 tree obtained from the 1st phase,  the increase of the amount of exercise 
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cipated in the original 22 
raining (table 3.2.). She 

ata exercise sessions with 
ys. Information related to 

one’s conditions in Table 3.1 is stored and used to generate 
the J48 tree after completing 10 interval trainings. The 
generated J48 tree after finishing 10 Tabata interval trainings 
is shown below.  This gives the conditions which maximize 
the time constant of exercise periods and minimize the time 
constants of rest periods. Conditions mentioned in Fig.4.2 
can be updated and modified as data is accumulated.  

 

Figure 4.1. Result of the 2  phase.
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IV. EXPERIMENTAL RESULTS 
 
A.  5 minutes 30 seconds Interval Training
individuals  
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 Fig 4.2.  J48 decision tree which shows conditions which make the time 

constant of 4 rising curves which have a characteristic of exponential sine 
hyperbolic curves maximize. J48 decision tree which makes the time 
constant of 3 falling curves which have a characteristic of exponential 
curves minimize are also same. Sleep: the amount of hours to take a sleep 
before exercising. Inaccuracy: the inaccuracy between the pedometer data 
and scheduled data. Meal: the amount of hours after having a meal.  
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Person

1 
Person

2 
Person Person Person

Gender male female male male female 

Age 29 30 27 26 25 

Height 

female male 

25 35 

(cm) 
170 170 170.8 167.7 158 164 177 

Weight 
(kg) 

62  58 62 79.3 50 50 71 

Activity  medium low low high medium low low 

Disease none none none none none none none 
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 The original schedule of  modified Tab

training is shown in Fig 4.4.  When the partici
conditions in Fig 4.5 and exercises  until the c
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exercise is shown on Fig.4.6. We observed that the rest 
period of the 2nd phase exercise is sparser and short
the original schedule. 
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Fig 4.4.  The orginal schedul of Tabata Protocol. Intensity 120 
per 0.5 sec. Intensity 75: 1step per 0.75 sec. 

 

: 1 step 

 
Fig 4.5. The changed schedule of Tabata Protocol when following the 
constructed J48 decision tree. Intensity 120 : 1 step per 0.5 sec. 
Intensity 75: 1step per 0.75 sec. 

 
After finishing the second 10 sets of Tabata interval 

training which fulfills conditions in Fig 4.2, new J48 tree 
was generated with 20 accumulated interval training data. 
The conditions which maximize the amount of work are 
shown in Fig.4.6. Also other decision trees which satisfy 
conditions in Fig 4.7 are obtained by backtracking. 10 sets of 

e second phase shows the 
increase of the amount of work up to 24.09 percent (Fig 4.3) 

 

Tabata interval training done in th

 
Fig 4.6. J48 tree which shows conditions which make the amount of work 

maximize. Within_X_Y : X to Y percent increase of the amount of exercise. 
TimeX: Heart rate at X time unit. (Each time unit: 0.1 sec) 

 

 
  J48 tree which shows conditions which make heart rate at 

1090.4 sec more than 115. 
 

   The results of 3 sets of 22 minutes exercise data satisfying 
the J48 decision trees in Fig.4.2 and Fig.4.6 shows more 
improvement in the amount of exercise. We see an 
improvement of up to 29.54 percent compared with the 
results the original protocol.  
 

 
Fig 4.8. The percentage of increase in the amount of work within 22 

minutes satisfying two J 48 trees in Fig 4.2 and Fig.4.6  

C. Improvement in cardiovascular build-up 
For an individual, person 7 on table 4.1, the amount of 

time required to reach the same heart rate (137) increases as 
we repeat the interval training protocol. This means person 7 
has adapted to the Tabata interval training protocol, and as a 
result, increases their endurance to complete the exercise and 
benefits the effect of cardiovascular build-up.  

  
 



 
enables subjects to remain at VO2max for a longer
runs. Eur J Appl Physiol 2000; 81: 188-96 

Fig 4.9. The required time to reach the heart rate 137. This sho
first exercise period in the 22 minutes Tabata protocol with t
rate threshold increased due to the adaptation and cardiovasc
 

As many researchers commented, this ki
interval training helps the promotion of buil
cardiovascular system. As Ulrik Wislø  
MacVicar, et al [18] mentions, interval train
associated with a large improvement of  V02peak. In t
Ulrik Wisløff, et al.[17], the high-intensity e
chosen to be an aerobic interval exercise at 90%
peak heart rate, yielding large improvements i
within a relatively short time period. Severa
exercise training younger and older patients
failure have shown improvements in symptoms 
capacity and in many patho-physiological aspe
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training protocol. Also, by adding conditions which 
maximize the improvement in the amount of exercise, we see 
an increase of up to 29.54% improvement compared with the 
original one.   

To construct the optimized interval training based on the 
J48 decision trees, heart rate data also should be considered.    
However, the method that we used in this experiment is 
unable to process the data stream coming from the pulse 
oximeter sensor device in real time. To improve the 
processing speed and make this real time system possible, 
using a data stream management systems such as Aurora (di, 
DJ. [26]) can be considered.   
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