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Abstract 
In this paper, we propose algorithm for determining the static and dynamic posture using the acceleration 

sensor of smartphone. The measured acceleration values are then analyzed according to a preprocessing to 
the respective axis (X, Y, Z) and posture (standing, sitting, lying) presents static posture determination 
criterion. The proposed static posture determination condition is used for static posture determination and 
dynamic posture determination. The dynamic posture is determined by using regression linear equations. In 
addition, transition state can be grasped by SVM change in dynamic posture determination. Experimental 
results are presented using data and app. Experiments were performed using data collected from 10 adults. 
 

Keywords: Smartphone, Acceleration sensor, Normalization, SVM, Posture determination
 
1. Introduction 

Posture recognition are indispensable technique for understanding the life patterns of people and 
determining health-related factors and behavior habits such as the calories consumed in a day [1]. In recent 
years, interest in healthy life has been rapidly increasing, and research has been conducted on techniques for 
understanding and observing human behavior. In order to recognize human postures and behaviors, various 
sensors such as medical sensors, video equipment and GPS have been used [2] [3]. If we check the existing 
research methods, there are graph dividing methods such as dividing objects using background modeling [4] 
[5]. The object segmentation technique is costly because it requires many cameras, is sensitive to lighting 
changes in the measurement environment, and can’t be recognized in real-time because of space and 
mobility constraints [6]. As the spread of smartphone become widespread, studies using acceleration sensor 
built in smartphone and other sensors are actively underway. Among them, a method of grasping the 
behavior using the data of the single acceleration sensor has been proposed steadily. Acceleration sensors 
were used to determine dynamic and static postures by analyzing data changes according to human motion [7] 
[8]. However, there is no determination of transition state or determination of lying posture. There are also 
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no determination about the various postures. To improve this point, the proposed method is as follows. First, 
acceleration data is collected and preprocessed by smartphone. Second, based on the data, the static posture 
determination condition is created and the static posture is determined. Third, acceleration data is applied to 
X-Y, Y-Z and X-Z plane graphs in the form of a distribution chart and classified according to number of 
crowded points. Fourth, dynamic posture is determined by static posture determination condition, regression 
linear equation, and number of crowded points. Fifth, the transition state is determined by SVM. Finally, 
experimental results are represented by posture determination through data and posture determination 
through app measurement. The composition of this paper is described in Section 2 and describes the 
measurement environment, conditions and preprocessing process. Section 3 discusses static and dynamic 
posture determination. In Section 4, we discuss the posture determination algorithm and experimental results. 
Section 5 covers app development and Section 6 presents conclusions. 

 
2. Preprocessing 
 

2.1. Measuring devices 
In this paper, the same device is used for the measurement with the acceleration sensor of the smartphone. 

The specifications are shown in Table 1. 
 

Table 1. Measurement devices used in the experiment 
Smartphone Model Name Samsung Galaxy S6 Edge+ 

Sensor Name K6DS3TR Acceleration Sensor 
Android Ver. 6.0.1 (Marshmallow) 

Power 0.3mA 
Range 39.2266m/s 

 

2.2. Participants 
In this study, we studied 8 people in 20s and 2 people in 50s (9 males, 1 female, mean age: 29 years, mean 

height: 174 ± 12 cm). They were all normal musculoskeletal functions and had enough explanation about the 
experiment contents except the experimental purpose before the experiment. 
 

2.3. Preprocessing course 
In this paper, we collect data with acceleration sensor of smartphone. Collected data is used for posture 

determination after each preprocessing course. The order of the preprocessing is shown in Fig 1. 
 

 
Figure 1. Preprocessing course 

 
First, the coordinate system of the smartphone installed in the subject is compared with the earth coordinate 

system, and Coordinate Transformation is performed if necessary. Second, LPF is performed to remove the 
noise of the converted acceleration data. Finally, calculate the SVM. 
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2.3.1. Coordinate transformation 
Coordinate transformation mean normalizing the local coordinate system of the smartphone based on the 

earth coordinate system. Since the local coordinate system change according to the situation in which the 
participants possesses the smartphone, it is necessary to match with the earth coordinate system. In this paper, 
normalization is performed by applying the rotational coordinate transformation equations (1) to (3). 

 
 () = cos − sin 0sin cos  00 0 1							                (1) () =  cos  0 sin 0 1 0− sin  0 cos 							                (2) () = 1 0 00 cos − sin0 sin cos  							                (3) 
 

 

2.3.2. LPF (Low Pass Filtering) 
Acceleration data generates fine noise even in a stationary state. In this paper, we apply the same filter as 

equation (4) to eliminate noise. 
 () = (1 − )( − 1) + ()					 ≥ 2			       (4) 

 
In equation (4), n represents the current state and X(n) represents the current raw data. 

 

2.3.3. SVM (Sum Vector Magnitude) 
The acceleration vector occurs irrespective of the movement or direction of the smartphone. In this paper, 

we use square root of square sum of gravity acceleration values of X, Y and Z axes to confirm transition state. 
The formula is shown in equation (5). 
  () = () + () + ()			               (5) 

 
In this paper, we propose a criterion to determine the static and dynamic posture with the preprocessed data. 

 
3. Main subject 
 

3.1. Static posture determination 
In this paper, we measured the acceleration data by placing the smartphone with the home button facing up 

on the lower right pocket of the participants. The measured acceleration data is used for sitting posture, 
standing posture, and lying posture determination. Data was collected for 3 seconds (unit: 10ms). The 
acceleration and SVM graphs for the three postures measured by the participants are shown in Fig 2. 
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Figure 2. Acceleration and SVM for three postures 
 

In Fig 2-d, it can be seen that it is difficult to define the state of the posture using SVM, which is widely 
used in previous studies. In this paper, we try to distinguish the posture by using the fact that the value of 
each X, Y, Z axis changes due to the direction of the smartphone and the gravitational acceleration applied as 
the posture changes. Fig 2-a, b, and c show the acceleration values for each posture. In the standing posture, 
the home button is placed in the bag with the upward direction, so gravitational acceleration acts in the 
Y-axis direction. In the sitting posture, the side of the smartphone is facing the floor, so gravitational 
acceleration acts in the X-axis direction. Even in the lying posture, the gravitational acceleration acts in the 
X-axis direction. The sitting and lying postures can be distinguished by focusing on the fact that the 
acceleration direction of gravity is in the X-axis direction and the acceleration value of the Z-axis is reversed 
from + to -. 
 

Table 2. Average of acceleration value according to three posture 
 

Posture Standing Sitting Lying 
Axis X-Axis Y-Axis Z-Axis X-Axis Y-Axis Z-Axis X-Axis Y-Axis Z-Axis 

P1 Average -0.5677 -9.7832 -0.7897 -8.0772 -1.8527 5.0583 -8.9943 0.3220 -4.0564 
P2 Average 0.7730 -9.7599 0.4257 -7.4314 -2.8279 5.7663 -9.3571 0.2183 -2.9039 
P3 Average -0.0551 -9.7874 0.2151 -6.6832 -2.1791 6.8585 -9.4219 2.4746 -0.9079 
P4 Average -0.7109 -9.7554 0.5209 -7.3886 -1.7034 6.2208 -9.6730 0.8230 -1.2215 
P5 Average -0.5656 -9.7832 -0.7903 -8.0283 -1.8028 5.1058 -8.9950 0.3233 -4.0577 
P6 Average -0.0554 -9.7870 0.2134 -6.6828 -2.1847 6.8587 -9.4245 2.4736 1.0930 
P7 Average -0.7111 -9.7564 0.5197 -7.3914 -1.7022 6.2177 -9.6728 0.8228 -1.2201 
P8 Average 0.7733 -9.7614 0.4278 -7.4319 -2.8288 5.7653 -9.3592 0.2198 -2.9033 
P9 Average -0.7132 -9.7562 0.5211 -7.3890 -1.7023 6.2239 -9.6730 0.8229 -1.2185 

P10 Average -0.0556 -9.7871 0.2129 -6.6826 -2.1846 6.8588 -9.4242 2.4732 2.0932 
 
Table 2 shows the average of acceleration for 10 participants in the static state. In this paper, we use the 

data in Table 2 to present the static posture determination conditions shown in Table 3. 
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Table 3. Determination of three postures in static posture 
 Standing Sitting Lying Condition 

Axis 
acceleration 

range 
Y ACC < -9.0 

X ACC < -4.5, 
Z ACC > 0.0 

X ACC < -4.5, 
Z ACC < 0.0 

0.95<SVM<1.05 

 

Next, we will apply the criterion of static posture to dynamic posture. 
 

3.2. Dynamic posture determination: “Standing-Sitting-Standing” 

We considered the case where we operated in “Standing-Sitting-Standing” order to make dynamic posture 
determination. It was performed under the same conditions as in static posture measurement for 8 seconds. 
The data measurement interval was defined as 20ms. The acceleration of each axis is obtained by applying 
LPF. The result is shown in Figure 3.  
 

           

 (a) Acceleration data       (b)SVM 

Figure 3. Acceleration and SVM of “Standing-Sitting-Standing” 
 

Fig 3-a is the X, Y and Z axis acceleration graph of the “Standing-Sitting-Standing” and Fig 3-b is the 
SVM graph. In Fig 3-b, the SVM is fluctuating between 1 second and 2.5 to 3 seconds. This means that 
change takes place from one posture to another. If the initial state is not defined, it is difficult to distinguish 
between sitting posture and standing posture. Compared with Table 3 defined in Section 3.1, it can be seen 
that initial state is standing posture. Comparing the acceleration values from 1 second to 3 seconds with 
Table 3, it can be seen that it is a sitting posture. The result after 3 seconds shows the posture. The static 
situation shows that the acceleration data is always within a certain range. Fig 4 shows the acceleration data 
plotted on the X-Y, Y-Z, and X-Z planes. 
 

 

Figure 4. Plan crowding figure for participants “Standing-Sitting-Standing” 
 

Fig 4 shows the X-Y, Y-Z and X-Z plane graphs showing data in the “Standing-Sitting-Standing” state. 
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Regression analysis is used in this paper to understand the relationship between two axes in a plane graph. 
The linear regression model is applied, and the regression equation by the least squares method is shown in 
equation (6). 
  = (∑)(∑)(∑)∑(∑)   + ∑ − (∑)(∑)(∑)∑(∑)  ∑  							 =  			   (6) 

In equation (6), N is the total number of data, X and Y are the respective axes in one plane. In the graph of 

Fig 4, R^2 is the coefficient of determination and R^2≥0.65 means that the two variables are highly 
correlated. In Fig. 4, the regression linear equation and the coefficient of determination are expressed in the 
plane graph and R^2 is 0.9133, 0.9528 and 0.9695, respectively, indicating that the correlation is highly 
reliable and is the first-order regression equation. In addition, the posture can be found through the crowded 
part of the data. 
 

3.3. Dynamic posture determination: “Standing-Sitting-Lying-Sitting-Standing” 

Participants’ data on "Standing-Sitting-Lying-Sitting-Standing" were performed for 16 seconds under the 
same conditions as static posture measurements. The measurement interval was defined as 20ms. The 
acceleration data and the SVM of each axis are shown in Fig 5. 
 

            

 (a) Acceleration data       (b)SVM 

Figure 5. Acceleration and SVM of “Standing-Sitting-Lying-Sitting-Standing” 

Fig 5 shows the result of experiment with "Standing-Sitting-Lying-Sitting-Standing". Three kinds of 
posture and posture division operation are shown through data of each axis. Also, it is difficult to distinguish 
the posture if the initial state is not defined as in the example of Section 3.2. Compared with Table 3 which is 
defined in Section 3.1, we can see that the initial state means the standing posture. When the data in Fig 5-a 
is compared with the defined values in Table 3, transition state from the sitting posture where the X-axis 
decreases and the value changes along the Y-axis intersects with the defined value. After that, a certain part 
is sitting posture. In the sitting posture, the Y-axis and the Z-axis intersect with each other, and the posture 
where the value changes is a transition state with respect to the lying position. After that, a certain part is 
lying posture. Fig 6 shows the acceleration data plotted on the X-Y, Y-Z, and X-Z planes. 
 

 

Figure 6. Plan crowding figure for participants “Standing-Sitting-Lying-Sitting-Standing” 
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Fig 6 considers the second-order regression curve, unlike the case of two postures. This is because the data 
to be crowded appears in three places. In the graph of Fig 6, the coefficient of determination is 0.8531, 
0.9068, and 0.8253, which shows that the correlation is high and is a reliable regression equation. In addition, 
the posture can be found through the crowded part of the data. That is, the situation of continuous operation 
can be recognized by using the regression equation between the collected data. 

 
4. Posture determination algorithm and experimental results 

In this paper, we propose an algorithm, such as Fig 7, 8 made determination criterion presented in Section 
3. Fig 7 shows static posture algorithm and Fig 8 shows the dynamic posture algorithm based on the static 
posture. 
 

4.1. Static posture determination algorithm 
 

 
Figure 7. Algorithm for static posture determination 

 

In the static posture determination algorithm shown in Fig 7, the SVM and the acceleration have been 
preprocessed. When the SVM is compared and within the determination range, the Y-axis acceleration value 
is compared to determine the posture. After that, determine sitting posture and lying posture if it is not 
standing posture. 
 

4.2. Dynamic posture determination algorithm 

 
Figure 8. Algorithm for dynamic posture determination 
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SVM and acceleration in dynamic posture determination algorithm in Fig 8 are compared with the SVM 
that has completed the preprocessing similarly. When the SVM is within the determination range, the 
reliability of the graph is determined using the coefficient of determination of regression equation. Know the 
number. After then, Y-axis acceleration values are compared with each other to determination standing 
posture. If you are not in the standing posture, you will be determined about sitting and lying posture. 
Although it belongs to the determination of SVM and coefficient of determination, it means that it is a 
transition state if it is not in three postures. 
 

4.3. Acceleration data experimental results 

In this paper, participants were experimented. The experimental data are shown in Table 2. Table 4 shows 
the results of the static and dynamic posture determination. 
 

Table 4. Results of static and dynamic posture determination  

using acceleration data of participants 

 
Static posture Dynamic posture 

Accuracy 
Standing Sitting Lying Standing-Sitting-Standing 

Standing-Sitting-Lying 
-Sitting-Standing 

Participant 1 O O O O O 100% 
Participant 2 O O O O O 100% 
Participant 3 O O O O X 80% 
Participant 4 O O O O O 100% 
Participant 5 O O O O O 100% 
Participant 6 O O X O X 60% 
Participant 7 O O O O O 100% 
Participant 8 O O O O O 100% 
Participant 9 O O O O O 100% 
Participant 10 O O X O X 60% 

Accuracy 100% 100% 80% 100% 70% 90% 

From the results in Table 4, the validity of the proposed algorithm is verified. 

 
5. App Development 
 

5.1. App design 
In this paper, experiment using measurement data and experiment using development app. Among them is 

the development app. The specifications of the devices used in the development are shown in Table 1. Fig 9 
shows the screen composition of the developed app. 
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Figure 9. Developed app screen configuration 
 

       
Figure 10. Posture measurement screen 

The left screen of Fig 9 is the menu window. The menu list consists of the main screen, the static posture 
measurement screen, the dynamic posture measurement screen, and the setting screen. The right screen is the 
measurement screen. The measurement screen consists of the currently selected menu name, SVM graph, 
acceleration graph, start of measurement, stop of measurement, and measured posture. Fig 10 shows the 
posture measurement screen. On the left is static posture measurement screen and on the right is dynamic 
posture measurement screen. The static posture measurement screen determine only one posture. The 
dynamic posture measurement screen is divided into three measured posture screens. Determination of the 
current posture is displayed at the bottom. 
 

5.2. App Algorithm 

 
Figure 11. Posture determination app algorithm 
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In Fig 11, SVM and acceleration are data that have been preprocessed as shown in Fig 7, 8. When it comes 
within the SVM condition range, we calculate the regression equation and determine the reliability of the 
graph using the coefficient of determination. After then, the posture is determined based on the posture 
determination criterion. If it is not in the three postures, it means that it is a transition state even though it 
belongs to determination of the SVM and coefficient of determination 
 

5.3. App experiment results 

In this paper, participants were experimented through app. Table 5 shows the results of the static and 
dynamic posture determination 
 

Table 5. Results of Static and Dynamic posture Determination of participants Using App 

 
Static posture Dynamic posture 

Accuracy 
Standing Sitting Lying Standing-Sitting-Standing Standing-Sitting-Lying 

-Sitting-Standing 
Participant 1 O O O O O 100% 
Participant 2 O O X O X 60% 
Participant 3 O O X O X 60% 
Participant 4 O O X O X 60% 
Participant 5 O O O O X 80% 
Participant 6 O O O O O 100% 
Participant 7 O O X O X 60% 
Participant 8 O O O O O 100% 
Participant 9 O O X O X 60% 

Participant 10 O O X O X 60% 
Accuracy 100% 100% 40% 100% 30% 74% 

 
6. Conclusion 

In this paper, we propose a method to determine the user 's static and dynamic posture using the data 
measured through the acceleration sensor of the smartphone in the pocket of the user' s lower right. Through 
the proposed method, we could determine standing posture, sitting posture, lying posture, and transition state. 
However, there is a large difference in the success rate between the data experiment results and the app 
experiment results. The reason for this is that the processing of the various noises in the measurement 
situation using the app is not perfect. This part will be complemented by continuous app development. In 
addition, I would like to develop additional content on activity, exercise, calorie count, walking, running, 
falling, and various postures and conditions. 
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