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Abstract 

In this paper, we propose a new user-adaptive pointing and correction algorithm applied 

in the field of smart sensing. The error from the accelerometer sensor’s output must be 

carefully managed as the sensor is more sensitive to data change compared to that of the 

gyroscope sensor. Thus, we minimize noise by applying the Kalman filtering to data for each 

axis from the accelerometer. In addition, we can also obtain effect compensating hand tremor 

by applying the Kalman filter to the data variation for x and y. In this study, we extract data 

through the Quaternion mapping process on data from the accelerometer and gyroscope. In 

turn, we can obtain a tilt compensation by applying the compensation algorithm with 

acceleration of the gravity of the extracted data. Moreover, in order to correct the inaccuracy 

on smart sensors due to the rapid movement of a device, we propose and integrate a genetic 

approach. 
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1. Introduction 

Motion recognition technology became available beginning with the growth of 

MEMS (Micro Electro Mechanical System) sensor technology. The rapid progress is 

continually developing in the field of hardware, including sensors, while an explosive 

growth of the smartphone market is taking place with related applications, service, 

social commerce and cloud computing. In addition, it has been accelerating due to the 

advent of the Tablet PC and interactive game consoles [1]. In particular, the motion 

recognition interface using MEMS sensors has been highlighted due to the expansion of 

these MEMS sensor markets and applications. In this paper, a pointing and correction 

algorithm has been implemented using the MEMS sensor mounted accelerometer and 

gyroscope sensors. 

The existing pointing algorithm requires the geomagnetic sensor  as well as the 

accelerometer and gyroscope sensors [2]. In this study, we implement the pointing and 

correction algorithm using only the accelerometer and gyroscope sensors without using 

the geomagnetic sensor that can detect the azimuth. This pointing and correction 

algorithm has the advantages of having a relatively low cost and power consumption by 

not using the geomagnetic sensor, but this algorithm is frequently affected by the 

acceleration of gravity. 

The smooth movement of a device mounted motion sensor stably changes the 

variation of the accelerometer sensor data including the acceleration of gravity. 

However, the sudden movement of a device mounted motion sensor unstably changes 
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the variation of the accelerometer sensor data including the accelerat ion of gravity. To 

compensate for this sudden movement, an additional correction algorithm is necessary 

to get reliable results. Thus we propose the adaptive pointing and correction algorithm 

by using the genetic algorithm according to the characteristics of the user. A genetic 

algorithm has the advantage that can get the near-optimal and efficient search in a 

complex combination of problems. In addition, by setting the additional criteria value 

about the tilt compensation algorithm using the acceleration of gravity, results for the 

rapid movement of the device can be optimized. 

Section 2 briefly describes existing pointing and correction algorithms as well as 

connectivity for the adaptive pointing and correction algorithm using the genetic 

algorithm proposed in this paper. Section 3 covers how to solve problems when a 

device mounted motion sensor is moved rapidly vertically or horizontally. In addition, 

we analyze and compare the performance of our proposed adaptive algorithm to those 

of the existing methods. The final section presents a discussion of this study and future 

research directions. 

2. Proposed Algorithm 

In this paper, we propose the process of the pointing and correction algorithm as 

shown in Figure 1. The proposed and developed pointing and correction process can be 

largely divided into three parts. The first part is a pointing process using the Quaternion 

mapping process, the second is for tilt compensation, and the third is for correction 

using the Kalman filter [3, 4]. 

The mapping process of Quaternion or Rodrigues can be used as the pointing 

algorithm using the fusion of an accelerometer and gyroscope sensor. Although 

Quaternion and Rodrigues mapping share the accelerometer and gyroscope sensor data, 

these two mapping processes have differences in principle. The Quaternion mapping 

uses axis-transformation to solve the Gimbal lock problem while the Rodrigues 

mapping uses vector-transformation with the fixed axis. Thus, when a device is tilted, 

Quaternion mapping cannot reflect the tilt value while the Rodrigues mapping can. 

Consequently, we confirmed that the Quaternion mapping is more efficient than the 

Rodrigues mapping in terms of the performance, computation rate and, compensation 

effect. 

 

 

Figure 1. The proposed pointing and correction process  
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The additional tilt compensation algorithm was applied to compensate the tilt 

information about the Quaternion mapping. We can get the tilt information from the 

accelerometer sensor because this sensor includes the acceleration of gravity for each 

axis [5]. The variation of the accelerometer sensor has the periodicity. Based on this 

periodicity, we can confirm the similarity between the unit value of the z -axis and 

cosine function by calculating the unit value for each axis. So, we can obtain the tilt 

angle by using the unit value of the z-axis. The unit value of the z-axis is important data 

to generate the initial population related to the genetic algorithm. 

The range of the tilt angle is from 0 to 2𝝅. If a device is rotated to the left, the 

information of the tilt angle is matched. However, if it is rotated to the right, the 

information of the tilt angle is reversed. To solve this problem, the tilt angle is induced 

as shown in Figure 2 [6]. 

 

 

Figure 2. The proposed tilt compensation algorithm 

If a device makes a sudden movement, the accelerometer sensor may show incorrect 

data. In addition, the conditional statement can be added to complement the tilt 

compensation algorithm. This part of the conditional statement is to implement the 

adaptive pointing and correction algorithm using a genetic algorithm. 

The x and y variation of display is sensitive due to the change of the accelerometer 

sensor. For this reason, we apply the Kalman filter as the calibration algorithm for 

minimization of sensor noise. Also, we can get the compensation effect to alleviate 

hand tremor by applying the Kalman filter after the tilt compensation algorithm.  

 

 

Figure 3. Implementation of the Kalman filter 
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These Kalman filters are implemented based on the measurement updating algorithm 

to update the new optimal value using the output value of the system and the new input 

value [7]. In this paper, the unit value of the z-axis is used to generate the initial 

population for the genetic algorithm. The generation of initial population plays 

important role in our genetic algorithm. 

Additional correction algorithm is needed to minimize the noise of sensor① and 

reduction of the hand tremor②. In this paper, we have implemented the correction 

algorithm using the Kalman filter shown in Figure 6. This implemented filter is based 

on the measurement update algorithm to update the new optimal value using the output 

value of the system and the new input value [8, 9]. 

The optimal value can be induced based on the importance of the data replaced by 

the recursive data processing and the standard deviation corresponding to the basic 

theory of Kalman filter shown in the following equations.  

 

 

(1) 

 

 

 

 

              (2) 

 

 

                           

 

    and     is continuously updated using the standard deviation. Based on these 

two values, Process noise is also updated. New input value means currently updated 

data and represents the previous optimum value. 

In this paper, we apply the tilt compensation algorithm using the accelerometer 

sensor. Without using the tilt compensation algorithm, the rapid movement of a device 

has no effect on the variation of coordinates on display. Meanwhile, we can observe 

that the sudden movement of a device results in a negative effect when the tilt 

compensation algorithm is used. There is a close correlation between the unit value of 

the z-axis and cosine function in the process of inducing the tilt angle. It is also 

confirmed that the change of tilt is large when tilt angle is close to 90 degrees while 

closing to 0 degrees results in a small change of tilt. This is the basis of minimal 

distortion in the x and y variation when the tilt angle of a device is close to 90 degrees 

with the sudden movement of the device. The condition can be applied by using the 

variation characteristics of the tilt angle. This conditional statement determines whether 

to use for the tilt compensation algorithm based on specific value or not.  

The unit value of the z-axis, which is generated using the sensor data of an 

accelerometer compensated through the Kalman filter, is replaced by the index of the 

applied genetic algorithm. The index, which is the initial population, is the object in the 

environment of rapid movement. This object is stored temporarily as a permutation, and 

finally settles to an optimal value through the genetic algorithm. The optimized result is 

the object with the maximum suitability resulted from the applied share -based 

suitability method [8]. In this paper, the process to derive the optimized tilt reference 

value is integrated into the general pointing and correction algorithm, as shown in 

Figure 4. 
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The creating conditions of the initial population, which are obtained from the data  

value of the accelerometer sensor caused by the rapid movement of a device, are 

converted into unit value of the z-axis. The suitability to any solution is the index value 

referencing when selecting a right one from solution group. The suitability also re flects 

quality of the solution.  An adjacent pair of solutions is selected as a group based on 

the initial population generated in function of size of the solution group. The selected 

group passes through a mixed exchanging method as well as a transforming process 

with other group of solutions based on the predefined probability in variation  [9]. 

During the described genetic computation, a new population is added to the 

permutation, and then the suitability to a solution is calculated. This process is repea ted 

until the terminating condition is satisfied. In this paper, we use the share -based method 

to evaluate the suitability [10]. The object with high suitability is finally selected as a 

reference value after satisfying terminating condition. 

 

 

Figure 4. The process of the proposed adaptive pointing 
and correction algorithm 

 The adjacent objects from the generated population are grouped and exchanged. A 

mixed crossover method rather than general distributed crossover techniques is used 

because the element of the object is not a bit, but a real number [10, 11]. The searching 

coefficient in this process can be defined by the user, and represents the positive value. 

In addition, the process of permutation is used to change the index of elements and 

other random elements of the index digit using the permutations of the value. The more 

suitable objects can be obtained through crossbreeding with other groups as generations 

repeat by using the method of variation probability [12, 13]. 

3. Analysis and Performance 

The operation rate and variation is important factors in the pointing and correction 

algorithm. In this paper, we analyzed and compared the operation rate on the 

transmitter, and x, y variation applied to each mapping process in the case of a fixed 

device. These comparisons are shown in Table 1 and Figure 5. 

In the fixed device, the performance of the Quaternion mapping is superior to that of 

the Rodrigues mapping because the output of x and y variation is closed zero value.  
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Table 1. The comparison of average operation rate in case of a fixed device. 

 
 

 

 

Figure 1. The comparison of x, y variation applied to each mapping process 
in the case of a fixed device 

The comparison results of the before and after applying the Kalman filter in case of a 

fixed device and a moving device are shown in Figure 6 and 7, respectively. It shows 

the minimized sensor noise in our proposed approach. 

 

 

Figure 6. Sensor data of the before and after applying Kalman filter 
in the case of a fixed device 
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Figure 2. Sensor data of the before and after applying Kalman filter 
in the case of a moving device 

The comparison results in x and y variation before and after applying the Kalman 

filter are shown Figure 8 and. 9, respectively. We also can solve the problem of hand 

tremor by applying an additional Kalman filter on x, y variation. 

 

 

Figure 3. X variation before and after applying Kalman filter 

 

Figure 4. Y variation before and after applying Kalman filter 
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Bluetooth SPP (Serial Port Profile) uses the RFCOMM protocol and is configured 

with a serial cable connection between the Bluetooth host and the device. By setting the 

Bluetooth SPP UUID, the host and the device are connected with the Bluetooth 

communication. The development environment for transceivers based on Bluetooth 

communication is shown in Figure 10. 

 

 

Figure 5. Development environment of transceivers 
 based on Bluetooth communication 

Communication of our server-client model is configured by implementing a 

Bluetooth socket program. The host and the device create a socket, and then the host 

creates a communication port. Until the host receives a connection request from the 

device, each waits at the generated port. Then, the device transmits data after the host 

receives a connection request and authorized connection. 

4. Conclusions 

In this study, the user-adaptive pointing and correction algorithm is proposed. It is 

implemented by applying a genetic approach to the conventional pointing and 

correction algorithm using smart sensors such as an accelerometer and a gyroscope. 

Also, the Kalman filter for correction is integrated to minimize the sensor noise while 

the performance degradation of the sensor in the case of rapid movement is effectively 

improved by our proposed method. 

Our adaptive method includes the shared-based suitability test, the mixed crossover 

technique, and the method of probability of variation. The algorithm derives the nearest 

value as a reference depending on a user. In addition, the computational process can be 

minimized by utilizing the corrected data obtained by Kalman filtering as an initial 

population in our proposed genetic approach. 

The use of interface, interconnecting human gestures with smart devices, will be 

increased in the field of smart sensing. Our future will be focused on developing a new 

interfacing system extracting user experience by introducing the NUI (Natura l User 

Interface) beyond the use of conventional smart sensors such as accelerometers and 

gyroscopes, where The development of such a method as approaching an analog 

environment, which is most appropriate for interfacing human to devices, will be one of 

the key issues in the research. 
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