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Abstract—Recently, in the mainly developed countries, the 

progress of the aging population is a serious problem. So, the 

demands of nursing care for elderly people is increasing. 

Therefore, lack of nurses and care nurses is a serious problem. 

To solve this problem, indoor robot navigation system is 

important as one of the possible robot technologies. In particular, 

an indoor robot navigation system using the RFID system which 

is easy configuration and cheap relatively is studied all over the 

world. However, these studies have assumed that the robot 

performs ideal movement. In real environment, robot can’t get 

correct information by using RFID system. So, the robot deviates 

from the course. In this paper, we propose a new moving control 

using the RFID system and the magnetic sensor. This method is 

the addition of magnetic information to a mobile control using 

the above-described RFID system. It is intended to carry out 

meandering less stable movement control. 

Keywords—RFID; mobile robot navigation system; moving 
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I. Introduction  

In late years, in the developed countries, the lack of care 
givers and the nurse becomes the serious problem with the 
increase in person requiring nursing care due to the progress 
of aging. Particularly, helping elderly people to go to 
destination is the work to take a long time. If indoor robot 
navigation system is established, we can contribute to walk 
support of an elderly person and the person with a physical 
disability, reduce the burden of the caregiver, maintenance of 
long-term care services. Various studies in conjunction with 
the indoor robot navigation systems [1]-[3] are conducted in 
many countries. If indoor navigation system is realized, the 
user can receive guidance service in the indoor environment 
like outdoor environment.  

The indoor navigation system is made of three elements i.e. 
1) position estimation [4], [5], 2) routing, and 3) movement 
control [6]. Particularly, the position estimation and a 
movement control are very important elements because it is 
indispensable to carry and guide a user safely and smoothly to 
the destination. However, in robotics, the position estimation, 
and movement control need to integrate many sensors and 
sensor information to grasp the correct position of the mobile 

robot. So, becoming high cost, the complexity of the system, 
and the enlargement of the robot are caused. Therefore, 
low-cost and simple systems construction is expected. So, the 
indoor robot navigation system using RFID system with these 
characteristics attracts attention. 

So, we study indoor navigation using RFID system, but 
when a robot is not parallel for an RFID tag, estimated 
precision falls. Therefore, the gap of the aim point grows big, 
and smooth movement control becomes difficult. In addition, 
it becomes very difficult to let a robot go to the destination 
because the robot does not understand the moving direction of 
itself. So, new movement control to solve these problems is 
necessary. 

In this study, we propose a new movement control 
combined with RFID system and geomagnetism sensor. This 
method is aimed for stable movement control with a little 
meandering by adding information of the geomagnetism to the 
movement control using the RFID system. 

II. Conventional method 

In this section, we explain the position estimation CM-CRR 

(Continuous Moving - Communication Range Recognition) 

[4]. Outline of the system is shown in Fig. 1. This method is 

the position estimation method with a mobile robot moving 

continuously. In addition, it uses two type communication 

ranges, long and short range. In this method, the mobile robot 

switches the communication ranges by changing RFID 

transmission power to perform position estimation by using 

the detection end and start point of the RFID tag. The process 

of CM-CRR is composed of the following method.  

 

Step 1: Detection of an RFID tag by the long range 

The mobile robot goes straight until it detects an RFID tag by 

using the long range. When the system detects the RFID tag at 

first, we assume that the RFID tag exists on the traveling side 

of the communication area model. Because the possibility that 

the tag exists in the opposite side of the area model is very 

low, it wants to remove in advance the tag position estimation 

line that is not facing the direction of travel. 
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Step 2: Detection of the RFID tag by the short range 

After the first detection of the RFID tag, the reader switches 

from the long range to the short range for the regular 

observation time. If the system detects the RFID tag, we 

assume that it exists in the short range. On the other hand, if 

the system cannot detect the tag, it doesn’t exist in the short 

range. 

 

Step 3: Estimation of the RFID tag’s position 

After the step 2, the reader uses the long range again. The 

system recognizes whether it can re-detect the RFID tag by 

the long range. When the system cannot detect the RFID tag, 

communication area model is calculated at the last detection 

of the RFID tag. Based on the information obtained from the 

communication range, the system estimates the RFID tag 

position. 

 

When the robot is not parallel to RFID tags, the estimated 

precision falls. So, the gap of the aim point grows big, and 

smooth movement control becomes difficult. Moreover, it 

becomes very difficult to let the robot go to the destination 

because the robot doesn’t understand the moving direction of 

itself. So, new movement control to solve these problems is 

necessary. 

III. Proposed method 

In this section, we describe how to perform the position 

estimation and control moving method of the mobile robot. 

This proposed method composes RFID system and magnetic 

sensor to let the mobile robot move parallel to the wall. We 

show the outline of the proposed method in the Fig. 2. RFID 

antenna and a magnetic sensor are put on the robot. In 

addition, RFID tags are attached on the wall of the passage 

with constant interval. In this method, the robot acquires the 

direction information obtained from an RFID tag that can 

move parallel to the wall. We have already measured a 

standard direction which means the parallel direction with the 

wall. RFID reader acquires a standard direction from an RFID 

tag stuck on the wall. The robot compares the standard 

direction with the moving direction obtained from a magnetic 

sensor and performs moving control according to the 

difference angle of these directions. This method is composed 

of the following two algorithms, parallel movement control 

and control method for the distance to the wall. Parallel 

movement control is used for correction of the mobile robot’s 

direction. Control method for the distance to the wall makes 

the mobile robot to return to the ideal route. We combine 

these algorithms in order to achieve smooth movement of the 

mobile robot.  

A. Parallel movement control 

In this section, we describe how to control mobile robot 

moving parallel to the wall. In this method, we use the 

above-mentioned calculation. As advance preparation, mobile 

robot calculates angle moving for parallel to the wall.  We 

denote this angle a standard direction. The standard direction 

is stored by the RFID tag stuck on the wall. The robot 

acquires the information of the standard direction than an 

RFID tag. The robot calculates a current moving direction by 

the magnetic sensor at the same time. Compared standard 

direction with moving direction, if the differences between 

moving direction and standard direction are big, mobile robot 

corrects moving direction. We explain below each movement 

procedure in detail. 

 

Step 1: Setting of standard direction 

We operate a robot by manual operation beforehand to 

become parallel to the wall. In this occasion, mobile robot 

calculates the standard direction using magnetic sensor. As a 

result, the azimuth angle is seen to proceed in parallel with the 

robot wall. The standard direction is written in at the RFID tag 

on the wall.  

 

Step 2: Comparison of standard direction and moving 

direction 

The robot calculates the moving direction of the robot using a 

magnetic sensor while moving a passage. At this chance the 

moving direction is calculated on average per geomagnetism 

during one second. At the same time the robot communicates 

with the RFID tag on the wall and acquires a standard 

direction. 

 

Step 3: Correction of moving direction 

By comparing the standard and the moving directions 

acquired in step 2, the direction of the robot is revised to 

become parallel to a wall by pivoting by right and left. It 

determines the threshold to perform a performance evaluation 

experiment. 

B. Control method for the distance to the wall 

In this section, we describe the movement of the distance 

correction to the wall. This is a control method that we keep 

the distance mobile robot and RFID tag a constant value. We 

use CM-CRR which is described in the previous chapter for 

the position estimation of the RFID tag. By using CM-CRR, 

the robot estimates itself position. So, the mobile robot can 

estimate the distance to the wall. Comparing the estimated 

distance to the wall with the ideal route, and the mobile robot 

turns right and left depending on the distance. 

 

Fig. 1 Estimation process of CM-CRR 

 
Fig. 2 Outline of the proposed method 
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Step 1: Estimation distance to the wall 

The robot moves parallel to a wall by the method of the 

foregoing paragraph. At the same time, the mobile robot 

communicates with the RFID tag on the wall by using RFID 

leader to estimate the location of the RFID tag. Due to these, 

the distance with the RFID tag is calculated. 

 

Step 2: Correction of the distance to the wall 

Compared the distance to the wall with ideal course, the robot 

is derived on an ideal course by ruining only a φ degree of the 

moving direction of the robot. We calculate angle φ by the 

following equation. 

𝜑 = tan−1 {
(𝑑𝑖−𝑑𝑟)

𝑑𝑡/2
}                 (1) 

Where di expresses the distance between ideal route and the 

wall, dr expresses the distance between the mobile robot and 

the wall, and dt expresses the interval of the neighboring 

RFID tags. 

 

Step 3: Return to the parallel moving to the wall 

After there was a mobile robot on an ideal course by Step 2, 

the robot revises an angle to move again parallel to a wall. 

After having arrived at it on an ideal course, mobile robot 

comes back to the original moving direction by holding it for 

one of angle θ which we turned in Step 2, and turning 

adversely. 

IV. Experiments and results 

To demonstrate the effectiveness of the proposed scheme, we 

perform running experiments with mobile robot. Compared 

this method with RSSI method [7], we quantitatively evaluate 

the characteristics of the movement locus of both method. We 

show the experimental environment experiment in Fig. 3. We 

experimented in the hallway in front of our laboratory. We 

show a mobile robot used in the experiments in Fig. 4. To 

perform this method, we need to define communication area 

model. So, we performed the experiment for determination of 

RFID transmission range in the room of laboratory. We show 

the communication range in Fig. 5.  

A. Result of Parallel movement control 

In this experiment, Fig. 6 shows that the mobile robot can 

avoid a collision with the wall and move parallel to the wall. 

Liner locus means that maeasurement data are lineared. Like 

the movement of Fig. 6 (a) of the distance of the ideal route, 

the mobile robot sometimes makes turning. It is caused by the 

changing of the standard direction. In addition, we seem that 

the mobile robot is often meandered and frequently corrected 

its moving direction. We presume that these problems are 

caused by environment factor. We experiment in the building 

there are many laboratory, so magnetic sensor is affected by 

electrical facilities. 

 

B. Control method for the distance to the wall 

Fig. 7 shows the locus of the proposed method and RSSI 

method. The average route error of the proposed method is 

10.72cm. RSSI method is 24.43cm, so it is greatly improved. 

But when the experiment of initial angle θ = -30 °, the 

distance from the starting point becomes so big from the ideal 

distance in the vicinity of 150cm. We presume that it is 

caused by the error of the estimation of RFID tag detected by 

the mobile robot. In order to operate CM-CRR, it is essential 

to make the mobile robot go straight. In this case, the mobile 

robot detects the RFID tag and gets the standard direction, so 

the mobile robot is turning and estimation error is big. In the 

experiment of initial angle θ = 0 °, correction angle is small, 

so the distance from the ideal route don’t become big. In the 

initial angle θ = 30 °, after the correction of moving direction, 

the mobile robot leave the area of communication range of 

RFID reader quickly. If the communication time to the RFID 

tag is very short, the mobile robot doesn’t perform CM-CRR. 

Due to this, we presume that the estimation error is not so big. 

As the result, we show that the mobile robot using RFID 

system and magnetic sensor can go to the destination and 

avoid collision with the wall smoothly. 

 
Fig. 3 Experimental environment 

 

 
Fig. 4 Mobile robot 

 
(a) Long range (25dbm) 

 
 (b) Short range (20dbm) 

Fig. 5 Communication range 
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(a) Initial angle θ = 0 ° 

 
(b) Initial angle θ = -30 ° 

 
(c) Initial angle θ= 30° 

Fig. 6 Locus of parallel moving control  

 
(a) Initial angle θ = 0 ° 

 
(b) Initial angle θ = -30 ° 

 
(c) Initial angle θ = 30 ° 

Fig. 7 Locus of control method to the wall 

V. Conclusion 

In this paper, we have proposed a new control method 

combination RFID and magnetic sensor for indoor navigation. 

We have studied the performance by focusing parallel 

movement and control distance to the wall. We have 

experimented that the mobile robot moves on the passage. As 

a result, we have shown that mobile robot can move to the 

destination smoothly. As the future work, we try to reduce 

meandering, and avoid collision with the obstacles. 
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